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As^iistdiit Curator, T)irim(f7i of Phtisical ^i)ifhropoI<M/i/^ C. >s. Xiftlonal Ma.snun. 



While there exists only a o-eneral eorrelation heUveeii the outside 
and the inside of the skull, the brain and th(' cranial cavity eori-espond 
under normal conditions exactly. The brain is separated from the 
skull only by the meninges, which, however, are of small and uniform 
thickness, and adhere everywhere (dosely to the oi’gan as well as to the 
bone, so that the above statement is not affected. 

The skull cavity pi esents certain subdivisions, known as (‘ranial fos- 
sic, which correspond with certain [lortions of the brain. These fossie 
are termed the anterior, middle, and postei*ior. and the parts of th(^ 
brain they inclose are the anterior, middle, and posterior lolies of the 
cerel>rum, with the cerebellum. The two last named occupy the pos- 
terior fossa on each side, one its superior and the oth(*r its inferioi* 
portion. As the study of the brain is continually gaining in impor- 
tance, one of the most valuable investigations on this organ would be a 
series of accurate measurements of its lot)Cs: but the brain is soft, and 
before it can be measured must be hardened in preservatives. This, 
in the case of the heavy human brain, is seldom achi(‘ved without some 
flattening or other deformation. ^leasnrements on a deformed organ 
can, however, never b(> accurate and can not be relied upon for any 
finer differentiations. iMoreover, normal human brains are not easily 
obtained, even those of the whites, and in the case of many races, in 
which the study of the organ is most urgent, the material is extremely 
limited or wholly wanting. As a good example of this may l)e cited the 
North American Indian, whose brain has never yet been properly 
studied. There are now in the U. S. National ]Museuni just thi-ce brains 
of these people, and all of them are so badly deformed or damaged as to 
be entirely unsuitable for measurement. Fnder such ciivuinstances, 
and in view of the close correspondence of subdivisions of the brain 
with those of the skull cavity, it becomes desirable to utilize, so far as 
feasible, measurements on the latter and on its subdivisions. This has 
been attempted by the authoi*, and the present report is the result of a 
limited number of the more important measurements. 
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This pjiper deals with the absolute and tlie relative lengths of the 
cerebral and cerebellar fosste in man and a sei-ies of animals, and with 
the relation of the length of the ditferent fossa* to the form of the skull. 

The detailed objects of the study were the elucidation of how the 
several fossic, or rather the parts of the brain which they limit, differ 
in the various races of mankind, in the two sexes, between the young 
and adults, between man and other mammals, and, finally, in dolicho- 
a nd rach y ce p 1 1 aly ♦ 

A similar stud}^ of the cranial fossie has not, so far as the writer 
was able to learn, been as yet attempted. General remarks on the 
size of the fossie will be found in Cuvierp^ Morton^' measured the 
capacity of the anterior and posterior chamber of the skull, 
Huschke^- and Aeb}"'' the capacity of the frontal and occipital verte- 
bne, and Giuffrida-Ruggeri that of the cerebellar fossa; finally a 
number of observers-^’ have measured directly the several lobes of the 
brain; but linear measurements of the fossa* are wanting. Vet these 
cavities offer stable boundaries for measurements that are less compli- 
cated and less subject to the results of variations in the bones thenis(*lves 
than Huschke's or Aeb} \s capacities. 

One of the main reasons why the cranial fossa have not received 
more attention in anthropometry was undoubtedly the scarcity of 
suitable material, i. e., cut skulls, and it was the writer's opportunity 
in this particular that was the direct cause of' his undertaking the 
measurements. From 1897 to 1903 the writer enjoyed the privilege 
of examining the great osteological collection in Prof. George S. 
Huntington's ^Morphological Museum in the College of Physicians 
and Surgeons, New York, and to this were added, every year, a fair 
number of identified skulls, from which the calvarium had been 
removed for the purpose of brain demonstration. This provided an 
ample supply of skulls, already cut, of whites and some of negroes, 
to which, since 1903, it lias been possible to add necessary series of 
Indian, fetal, and animal crania from the collections of the U. S. 
National ^Museum. The writer is particularly indebted to tlie Division 
of Mammals of the National ^luseum for the comparative material. 

« Lerons (ranatoinie 2 ed., Paris, 1887, p. 2S8. 

(t. Morton, Crania Americana, Philadelpliia, 1889, pp. 258-258. 

^E. Husehke, Schaedel, IHrn nnd Seele, Jena, 1854, p. 46. (Refers also to C. G. 
Cams, who compared tlie three vertebne — frontal, parietal, and oceipital — from 
measurements obtained between points on the exterior surface of the bones.) 

C. Aeby, Beitriige ziir Kenntniss der Mikrocephalie, Arch. f. Anthro]>.. t"ll, 
1874-1875, p. 15. 

( V. Ginffrida-Rnggeri, La capacita della fossa cerebellare, Sperimentale, XXV 
1899, pp. 181-185; also in Arch. ital. de biol., XXXII, 1899, ]i. 455. 

./ See especially D. J. Cunningham. Address to the Anthropological Section, Brit- 
ish Association, Glasgow, 1901, pp. 1-18; also in the Proc. British Association of 1901. 

1/The medical department of the Columbia University. 
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aa, anterior fossa, anterior lamlmark: rtjt. anterior fossa, i)osterior landmark: middle fossa, 

anterior landmark; middle fossa, [tosterior landmark. 
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A lono’ delay in ])ublisliing the result of this study was oeeasioned l)v 
laek of anthropoid ape skidls, but even this was eventually su|)pli('d 
from the valuable eolleetion I’eeently sent to the National ]\ruseuin by 
Dr. W. L. Abbott. 

The total number of specimens measured was as follows : 



Skulls of adult males, white: 

Dolicliocephals^^ &20 

Mesoeephals 20 

Brachycephals 20 

Skulls of a<lult females, white: 

Dolichocephals 10 

^fesocepbals 10 

llrach veephals 10 

Skulls of adult males, Indian: 

Dolichocephals 10 

Brachycephals 10 

Skulls of adult males, hei^ro, dolicho- to mesocephals 15 

Skulls of adult females, negro, dolicho- to mesocephals 10 

Skulls of fetuses and children: 

White, brachycephals ]0 

Negro, brachycephals 10 

Negro, dolicho- to mesocephals 20 

Skulls of adult anthropoid apes 13 

Skulls of adult monkeys and other mammals 10 



Total crania measured 193 



Consideralile dithcuJty was encountered at the start in the choice of 
appropriate measurements and the fixing of good landmarks. Kepeated 
trials showed that measurements of height and breadth of the fossay 
tliough highly desirable, were (|uite impracticable, and that to a cer 
tain extent artiticial landmarks would have to be established for tlie 
longitudinal dimensions. In searching for such points from which to 
measure, the writer was gadded by the d(\sire of having the measure- 
ments on the bones correspond as closeh^ as possible to definite seg- 
ments or portions of the brain, and the ultimate selection iii human 
adults was as follows: 

Aidi'rior f(mie : adult.s , — The anterior points from which to measure 
{(ta, aa^ Plate XIV), are located on the arc of a circle of 2 cm. radius, 
Avith the foramen ccecum as center; and.1.2 cm. laterad of the median 
line. They correspond closely to the lower limits of the frontal ])oles. 

The posterior points {np^ aj>) arc on the free border of the lesser 

Dolichocephals: Cephalic index up to 75; mesocephals, 75.1 to 80; brachycephals, 
above 80. 

& Some of the crania were partly damaged, so that not all the fossie could be’^exam- 
ined; details will be clearly seen in the final tables. 

^Including several African blacks; among the American negroes, though all pos- 
sessed the features of the race, several were probably of mixed blood (white ami 
black). 
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win^ of the sphenoid, 2 cm. laterad from tlie outer border of each 
optic foramen (base of the anterior clinoid process). 

The line between aa and aj) rims near to the line of the internal 
orV)ital sulcus of the brain and follows closely the horizontal plane of 
the base of the frontal lobe. 

Middle adult.^. — The anterior landmarks from which to meas- 

ure {ma^ ma.) are located at the anterior extremity of a line passing 
vertically beneath the points cy?, They correspond closely to the 
point of the maxiinuin forward bul^e in the line of the middle fossie, 
i. e. to the poles of the temporal lobes of the cerebrum. 

The posterior point (mp.^ mp) is on the middle of the superior 
border of the petrous part of each temporal bone (in the middle 
between the distal end of that border at the temporo-parietal suture 
and the medial extremity of the petrous wedge). The lines ma-mp 
are suitable representatives of the antero-posterior diameter of the 
temporal lobes of the brain. 

The consist each of a cerebral and a cerebellar por- 
tion, both of which were measured. For anterior landmarks of both 
portions in adults were chosen the points mp. For the posterior land- 
marks of the cerebellar parts of the cavity (/>/, po Flate XV) 
points were selected on the lower ridge of each lateral sinus, 1.5 cm. 
from the median line, and the posterior points for the measurement of 
the cerebral part (/w, ^m*) are 2.5 cm. vertically above a horizontal line 
passing through the more superior of marks. 

The left inferior ridge of the lateral sinus and hence tire left pi 
point is in adult man very often lower than the right. In all such 
cases it is sufficient for practical purposes to determine the location of 
the right jis point and place the left ps horizontal!}" opposite, 1.5 cm. 
from the median line. The median line is determined by extending 
the long axis of the foramen magnum. 

The mp-pl line corresponds to the length of the superior plane of 
the cerebellum; while the mp-ps line measures the length of that part 
of the cerebrum which lies on the tentorium. The ps points corre- 
spond quite closely to the occipital poles of the cerebrum. 

In th(‘ skulls of the human young and of various mammals, the 
landmarks were virtually the same as in human adults, with the 
distances between aa and aa and the points in the posterior fossa^ in 
the smaller skulls diminished proportionately according to the size of 
the skull. 

Several additional measurements besides the foregoing were taken on 
the ventral parts of the skulls and will be referred to later. 

NoTleformed, pathological, or in any way abnormal skull was 
included in the series measured, and due care was exercised concerning 
fortuitous variations atfecting the landmarks. 
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Landmarks and Lines of Measurements of the Cerebral and Cerebellar Parts 
OF THE Posterior Fossa. 

111}), mid<lle fos^ia, landmark; jjx, posterior point from whicli to measure the eere])rul 

I>art of the posterior fossa; jii, posterior i»oint from whieh to measure the eerel>ellar j)art of the 
I»osterior fossa. 
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The instruments used were a smalt straio'ht, rio'id, sharp-pointed 
compass; the ordinary anthropometric sliding compass; acomjiass with 
sharp-pointed; curved branches, each provided at its middle with an 
additional joint- an instrument that could be easily converted into an 
endocompass; and a piece of brass wire It) cm. long and 2 mm. in 
diameter, bent in the middle at right angles. This wire served for 
measuring the middle fossa, the length being marked on it. and read 
otl with the help of the graduated rod of the sliding compass. 

To facilitate the presentation of the facts obtained, the measure- 
ments of the cerebral fossie are not only given in absolute tigures, but 
also in their relation to the greatest external and the mean internal 
antero-})osterior diameters of the skull, and to the sum of the lengths 
of the three cavities. This latter relation, or index, e([uals with each 
fossa the length of the fossa multiplied by 100 and the result divided 
by the sum of the lengths of the 8 cerebral foss;e on same side of the 
skull. 

As to the results of the measurements, it should be constantly borne 
in mind that they retiect only on the length of the various parts of the 
brain, and not on other dimensions or mass of these parts, which 
may be expected to show many additional and perhaps varied fila- 
tures. These can be determined only by extensive measurements on 
the ])rain itself. 

ANTERIOR FOSSJE. 

The tigures that follow give averages of the absolute lengths of the 
anterior cranial fossjv in the several vseries of human adults. These 
data have only a limited value in crude form, except for showing 
important ditt'erences on the two sides of the skull. In this respect it 
is seen that the average length of the right frontal cavity is greatei’ in 
every series without exception. This interesting fact, not l)rought out 
before, calls for further detailed observations on the brain in this 
region. 

Anterior fossic: Average length in adultr. 



Males. Female.^. 



Dnlichoeeph- 

Raoo. ' 


Mesocephals. 


Brachyoeph- Dolu'hooeph- yi,.,ocophals. 


Braehyeeph- 

als. 


Right. 


Left. 


Right. 


Left. 


2 


Left. 
Right. I 
Left. 
Right. 


3 


1 

aqSiK 


' mm. 
(14) 

Whites 53,1 

(10) 

Indians 46.9 


mm, 

52.3 
^(-O.H) 

46.4 

o(-0. 5)j 

50.0 

«(-L2) 


mm. 

(11) 
52. 2 


mm. 

50.9 

«(-1.3) 


mm. 

(11) 

50.2 

(10) 

45.7 


mm. mm. mm. 1 mm, 
(5) (6) 

49. 4 48. 7 47. 8 50. 5 

a(-0.8) ^«(-0.9) 

45.2 i 


mm. 

49.4 

«(-].!) 


mm. mm. 
(6) 

48. 9 48. 3 

.(-0.6) 


(14) 

Negroe.s 51.2 






o(-0.5) i 

(5) ' 

51. 1 49 2 






1 













« Difference from the ri^ht fo.'^sa. 
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Thei‘e ure iiidivicUial cusen in which the fos.sie are of eijual length 
or where the left fo.ssa is the longer, but the>^ are small in iiumber in 
adult skulls and ina^^ almost Ix^ regarded as exceptions. . Th(‘y occurred 
as follows: 

Ijength of (tuierior fossa on the tiro sides hi hnman adidts. 



Skulls. 



n. Adnlts, whites, males, (loIichoeei»hals. . . 

12. Adults, whites, males, niesoeephals 

11. Adults, whites, males, hrachyeei)hals . . . 
f). Adults, whites, females, doliehoeephals 
(). Adults, whites, females, mesoeephals . . . 
0. Adults, whites, females, hrachyeephals 
10, Adults, Indians, males, dolielux-ephals . 
10. Adults, Indians, males, hraehyeephals . . 
14. Adults, ne^^roes, males, doli<du^cephals . 
5. Adults, negroes, females, doliehoeephah 

Totals (93 skulls) 



Right aute- 
rior fossa 
longer (per 
eeii t of 


Anterior 


Left anterior 


fossa* of etiual, 
length (per 


fossa longer 
(per cent of 


cases). 


eentof eases). 


eases). 


64 


14 


21 


67 


17 ' 


17 


64 


18 : 


18 


80 


20 


0 


83 


17 


0 


33 


50 


16 


60 


10 


30 


60 


20 


20 


57 


1 29 


14 


80 


20 


0 


63. 5 

1 


20. 5 ' 

1 . , 


16.0 


:ceeds in- 


length the left in 



The right anterioi* fossa, it is seen 
(13.5 per cent, or veiy nearly two-thirds, of adult human skulls, the 
left exceeding the right in only 10.0 per cent, or a]4proximately one- 
sixth, of instances. 

In the crania of small children and human fetuses, and in those of 
jinthropoid apes and other mammals, the conditions dill'er from those 
in human adults, namely: 



Levgdi of anterior fossa on the two sides in human fetuses, etc. 



Skulls. 


Itight ante- 
rior fossa 
longer, (per 
cent of 
eases). 


1 Anterior 
fossa* of equal 
length (per 
jeent of eases). 


Left anterior 
fossa longer 
( per cent of 
eases) . 


10 fetuses and elnldren, whites, braehveephals 


10 


60 


0 


10 fetuses and children, colored, braehveephals 


50 


50 

45 


1 0 


20 fetuses and children, colored, dolicho and meso eephals . 


50 


i 5 


Total (40 skulls) 


47.5 


50 


' 2. 5 




2 chimpanzees 


100 


0 


0 


1 gorilla 


(100) 

50 

25 


0 


0 


6 orangs 


33 


17 


1 gib))oiis 


25 


50 








Total (13 skulls) 


54 


23 ■ 


23 








4 monkevs 


25 


75 


0 


1 lemur, 1 bear, 1 deer 


a 33 


67 


0 







a The deer. 



In human fetuses and childi*en the percentage of cases where the 
right anterior fossa is longer than the left is decidedly smaller than in 
human adults, and the same is true of the cases of excess of the left 
fossa, while the proportion of instances where the two cavities are of 
the same length is much larger. This shows that although the 
inequality of the fossa‘ develops in some cases early, in utero, it does 
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not develop in ([iiite a large percentage of cases until in later, post- 
natal life, very likely during the years of the most rapid growth of 
the brain and the skull. However, even in view of these cases of later 
development, it is iiii])ossible to regard the unevenness of the anterior 
fossa\ with a pronounced tendenc}^ to a moderate excess on the right 
side, otherwise than as a principal hereditary character. 

As further data show, the predominance in length of the right 
frontal fossa is already well marked in those anthropoid apes that stand 
nearest to man; and it also oecairs occasionally in monkeys and other 
mammals. It is therefore a rather widely shared and ancient feature. 

The actual ditlerentres in length of the cavities, while often small, 
are in some cases veiy decided as shown in the following table. It may 
be stated here that none of the small inequalities wei’e imduded in the 
lists unless ch^arly established by the sharp-pointed, straight-branched 
compass, measurements with which are free from error. 



Absolute dilf'i renres In length of the anterior fossie; right fossa the Umger h> cases: 



Subjectf^. 


0.5 mm. 

i 


1 mm. 


1.5 mra. 


2 mm. 


2.5 mm. 


3 mm. 


3.5 mm. 4.0 

^ 1 


1 mm. 


Above 
4 mm. 


Humciii adult.'i 


«! 


11 


15 


G 


1 


5 1 


5 


1 


f«3 


Human fotuses and young 












1 








children 


G 


y 


0 


4 


0 


0 ! 


0 


0 


0 


Apes 


2 ' 


2 


2 


1 


0 


0 1 


0 


0 


0 


Monkeys and other m A m- 




















mals*. 






0 


0 


0 


0 ! 

! 


0 


0 


0 



Absolute (Hjfere)ices In length of the anterior fossa'; left fossa the longer ui cases; 



Subjects. 


0.5 mm. 


1 mm. 


1.5 mm.| 


2 mm. 2.5 mm. 

1 


3 mm. 


! 

3.5 mm. , 


Above 
3.5 mm. 


Human adults 




3 


5 


3 


1 1 


2 


1 ; 


0 


Human fetuses and yming < 


rhildreu. 


0 


0 


4 


0 0 






0 


Apes 




3 


0 


0 


0 0 




“i 


0 



'O 4.5 mm.: 4 = 5.5 mm.; 1=7.5 mm. 



The inequalities are greater in favor of the I’ight fossa: they are of 
a smaller and restricted range in the young; they show a fair latitude 
in the anthropoid api^s, but are very small in the lower mammals 
examined. 

Form of skull and race, it was found, are apparently not factors in 
the development of the ditl'erences in length of the two cavities, and 
the same is prol)ably true of sex. A reference to the detailed tables 
will also show that among human and anthropoid ape adults there is 
no regular correspondence between the variation in the relation to 
each other of the two frontal fossae and the dimensions of the cranium. 

The next point of importance to be cleared is the relation of the 
mean absolute length of the anterioi* fossa? to the size of the skull. 
Are they not only absolutel v but also relatively larger in skulls of great 
size, and the opposite — or is the ditierence confined only to their abso- 
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proportions ^ In this instance the fosstC can bo advantag-eoiisl^^ 
contrasted witli the g*reatest antero-posterioi (gdabello-occipital) cranial 
diameter, one of the most familiar of skull measureiiKmts. 

There are in all (>0 skulls (3 series each of 20 specimens) of white 
males and 30 (3 series eacli of 10 specimens) of white females. Tak- 
ing the It largest^ and the 0 smallest (3 of each from eacli series) of the 
former and the G largest and G smallest (2 of each from each series) of 
the latter group, we tind the following conditions as regards the 
length of the frontal cavities: 



'Rel<(flo)(. of the InKjth (f the anterior fossie to the greatef^t eTternal length of the shdl, in 
crania tf extreme slze.% In v'hites. 



Average relation of the mean length of tho two anterior fossa.' to the 
greatest external cranial diameter, the latter being taken as 100, in 

the largest .sknlls 

Extremes 

The same in the smallest skulls 

Extremes 



Males. Females. 



26. 5 26. 7 

24. 5-28. 4 25. G-28. 6 

27. 1 28. 7 

25. 3-28. 9 25. 8-30. 6 



The ditferences are not large, and the detail data showed individual 
exceptions to be quite numerous; nevertheless both the average values 
and the extremes plainly indicate a predominance of relativel}" longer 
frontal fosste in the smallest and of relatively shorter frontal cavities 
in the largest crania. 

Veiy much the same conditions as in whites were found in this regard 
also among the Indians and the negroes, namely: 



Relation of the length of the anterior foss<r to the greatest external length of the shill In 
crania of extreme sizes in the Indians and negroes. 



Average relation of the mean length of the two anterior fo.ssie to the greate.st 
external cranial diameter in the largest skulls: 

6 Indians (3 of each series) 

3 negroes 

2 negroes 

The same in the smallest skulls: 

G Indians (3 of each series) 

3 negroes 

2 negroes , 



Males. Females. 



26.3 

26.8 

28.2 



26.5 

28.3 

28. 6 



The preceding figures are open to one objection — the external length 
of the skull, to which lengths of the fosste were compared, includes 
two walls of bony tissue, and it is not certain that the proportion of 
the measurement due to this tissue, known to differ in the sexes and 
i-aces, is the same with the large as well as the small skulls. The 
larger this proportion of bony substance the smaller must be the 
relative length of the fossiv, and the opposite. It was actually found, 
by comparing the dorsal with the ventral length, that in most of the 
series the amount of bone entering into the composition of the 
greatest external antero-posterior diameter of the skull is larger in 



The yize of the skull lieing determined l)y the mean of its greatest length and 
breadth; height was not obtainable in most cases, but there were no extremes. 



NO. 1521. 



185 



ifEASVItK.nKXTS or CnANIAL FOSSAE— IIJiJUJCKA. 

tlie spai'ioii.s tliiui in the snmll crniiiii. The eomptiri,soii of the two 
clianieter.s, the mean ventral length beiniv taken a« 100, was as follows: 



llelation between the greater' dorml and mean ventral length of the .dcnIL 



Sknlls. 


No. of 
spee- 
1 imens. 


1 

In the largest 
: skulls. 


No. of 
spee- 
imens. 


In the small- 
est sknlls. 


White males 


t; 


108. 5 : 100 


6 


108. 5 : 100 


White females 


t) 


109.9 : 100 


6 


108.5: 100 


Indian males 


6 


109.2 : 100 [ 


6 


108.2 : 100 


Negroes botli sexes 


5 


110.6: 100 1 


5 


108.8: 100 









These ditt'ereiices make it necessary to contrast the leiio-tli of the 
fossae in skulls of extreme sizes with the ventral rather than dorsal 
len^’th of the skulk by doing which the following proportions are 
obtained (the mean ventral maximum antero-posterior diameter being 
taken as 100): 



Mean length of the (oderior fosirie compared with mean ventral length of skull in the largest 

and smallest adult crania. 



Skulls. 


Number of speeimeiis. j 


In the ' 

largest 

skulls. 


Number of specimens. i 


1 In the 
smallest 
skulls. 


White males 


6 (2 of each .series) ... 
do 


28.4 


6 (2 of each series) ... 
do 


29.9 


White females 


29.7 


30.9 


Indian males 


do 


28.8 


6 (3 of each .series) ...| 
5 (3 males, 2 females) . 


28. 65 


Negroes, both sexes 


6 (3 males, 2 females) 


30.3 


31,0 





The diti'erenees are somewhat smaller than when the fossa^ were 
compared with the external cranial length, in all except the white 
males; but in all of the groups, with the exception of the Indian males, 
the average of the relative proportions of the frontal cavities in the 
smallest skulls remains perceptibh^ above that in the largest speci- 
mens. The conclusion before reached of a predominance of relatively 
longer anterior fossie in the smallest than in the largest crania is 
hereiw contirmed. 

The same interesting fact can also be brought out by contrasting 
the size of the skull with a number of the largest and smallest relative 
values of the anterior cavities. This procedure^^ gives the following 



results in the different groups of adult crania: 

9 ykiills of white males with the higliest relative length of the anterior fossa*. . 1(3. 5 
9 skulls of white males with the lowest relative length of the anterior fossm ... 16, 9 
6 skulls of white females with the highest relative length of the anterior fossa*, lo. 4 
6 skulls of white females with the loNvest relative length of the anterior fossa. . 15. 8 
4 skulls of Indian males with the highest relative length of the anterior fossa. . 15. 5 

4 skulls of Indian males with the lowest relative length of the anterior fossa.. . 15. 9 

5 skulls of negroes with the highest relative length of the anterior fossa 15. 8 

5 skulls of negroes with tiie lowest relative length of the anterior fossa* 16. 1 



« Represented by the mean of the greatest external length and breadth of the skulls. 
^ That is, the highest relation of the mean length of the two fossa to the maxi- 
mum antero-posterior (glabello-occipital) diameter of the skull. 
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It is seen that thi’oiio’hout, in iidults, the relntivel}’ longer anterior 
fossie correspond to smaller skulls, and the opposite. The Indian and 
neoro, and the sex, are no exception; apparently the phenomenon is 
general in the whole human family. Individual eases not agreeing 
with the rule were met with in all the groups, but were not very 
numerous. The immediate cause of the condition, upon which more 
light will 1)0 thrown in later paragraphs, can only lie a slightly less 
capacity, or rather necessity, of growth in length of the frontal fossje 
than that of growth in length of the rest of the cranium. This can 
in all probability l)e applied also to the growth of the frontal lobes 
of the cerebrum, an indication of a relatively greater expansion of 
the other ])ortions of the organ, containing the motor and sensory 
areas, in the course of development. 

It remains to consider the proportions of the anterior fossae in adults 
and 3^oung, men and animals, sexes, races, and different cranial forms. 
For these purposes the mean length of the two fossie ma}^ be compared 
again with the greatest external ei*anial diameter. The following 
table presents in a succinct form the results. Onlv those skulls are 
here included in which both fossa* could be measured, which removes 
some possibh* causes of error. 

Length pruportions of anterior fosste in relation to greatest external length cjfthe skull. 



Subjects. 



Num- 
ber of I 
skulls. 



Average I 
, external | 
I maxi- 
I mum I 
length of 
skull. I 



Average Average relation 
mean of the length of 
length of the fosste to the 
the 2 dorsal length 
anterior of the skull, 
fossse. and extremes. 



Adults: 

Whites, males— 

Doliehocephals 

Mesocephals 

Braehyeephals 

Whites, females — 

Doliehocephals 

Mesocephals 

Braehyeephals 

Indians, males — 

Doliehocephals 

Braehyeephals 

Negroes— 

Males, dolieho- and mesoeephals ... 
Females, dolieho- and mesocephals. 
Fetuses and young: 

White fetuses and children, braehyeephals 
Colored fetuses and children: 

Braehyeephals 

Dolieho- and mesocephals 

Anthropoid apes: 

Chimi)anzees 

Orangs 

Gibbons 

Monkeys and lemurs: 

Macaens pclop.^ 

Cebiis h if pole urns 

Aloaata senieula 

Mifhis 

Lem ur varius 





cm. 


mm. 




14 


19.4 


52.7 


' 27.2 (25.3-28.8) 


11 


IK. 7 


51.5 


27.5 (24.3-30.2) 


11 


IK. 2 


49.8 


27.3 (24.5-30.9) 


5 


17. K 


48.2 


27.1 (24.6-30.6) 


6 


17. S 


49.7 


28.1 (26.1-30-6) 


0 


17.3 


48. (5 


28.2 (25.6-31.2) 


10 


IK. .3 


4(5. 6 


25.5 (22.7-29.6) 


10 


1(5.9 


45. 4 


26.8 (24.4-28.5) 


14 


1 K. (5 


50.6 


27.3 (25.3-30.7) 


5 


17.7 


50.1 


28.3 (26.2-30.2) 


10 






31.1 (28.6-35.0) 


10 






30.9 (27.5-35.7) 


20 






30.6 (26.1-35.6) 


2 


11.9 


39.0 


32.9 (31.4-34.0) 


(') 


11.0 


36. 2 


30.4 (28.2-32.8) 


4 


7.5 


27.3 


36.2 (35.0-37.3) 


1 


S. 2 


29.5 


36.0 


1 


7.5 


23.2 


30.0 


1 


7.0 


23.0 


32.9 


1 


4. 1 


13.0 


31.7 


1 


(5.0 


22. 0 


36. 7 



The nbove data certainly reveal interesting conditions. 

The relative length of the anterior fosste is in general decidedh" 
greater in fetuses and voung than in adults; the antero-posterior 
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dev(^lopnient of tlie frontnl cavities, therefore, lags heliind the devel- 
opment of the rest of the skull in the same direction througliout 
growth. This harmonizes well with the relatively small frontal fossje 
in many of the largest adult crania. A remarkable diminution in tlie 
I'elative length of the anterior fossa3 lakes place during fetal growth 
itself. Thus, in the six smallest fetuses and the six largest children, 
the mean lengths of the fossie were toward the greatest external length 
of the skull, respectively as 32.9 (28.(;-3r).0) and 30.1 (28.0-33.1) to 
100. Individual variation is (piite pi’onounced at all stages of life. 

The differences, in man and lower mammals, ))etween the length of 
the anterior fossa> as related to the greatest external length of the 
skull are much like those between human adults and 3 X)ung. In all 
the species of animals examined, the anthropoid a])cs included, the 
relative length of the frontal cavities is greater than that in human 
adults; in a few instances it is even greater than in the human young. 
If the anterior lobes of the brain correspond in dimensions to the ante- 
rior fossag as we believe, the facts shown by the figures relating to 
the young, and especiallv to the other mammals than man, mean a 
striking change in our notions concerning the relative size of those 
parts of the cerebrum in the beings involved. There are differences 
between the various species of anthropoid apes and monkeys, but from 
the small num))er of specimens it is impossible to conclude how far 
these differences are characteristic of definite groups. 

As to sexes, the females, both among the whites and negroes, show 
on the whole, relatively longer anterior fossic than the males. This 
difference is not large and agrees with the smaller size of the female 
skull. The female sex appears in this, as in so many other features, 
slightly nearer the infantile conditions. 

The racial differences in the frontal cavities are of a peculiar nature. 
In whites and negroes the relative proportions of the anterior fossag 
as contrasted with the length of the skull, are practically alike, but in 
the Indian they are decidedly smaller. The latter condition is not due 
to a large development of the Indian skulls ; in fact these are smaller 
than either those of the whites oi’ those of the negroes of the same 
sex. 

There are certain differences in the relatiA^e length of the anterior 
fossil between dolichocephalic and brachycephalic crania, the pro- 
portion being in all the groups slightly higher in average in the 
latter than in the former. No clear reason for this has been arrived 
at. The series overlap to a considerable extent through individual 
irregularities. 

The familiar greatest antero-])osterior (glabello-occipital) diameter 
has proved very serviceable for contrasting the dimensions of the 



« For sizes see detaile<l tables at the end uf the paper. Only one nf the children 
reached as high as about the sixth year of age. All the others were much younger. 
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anterioi* fos^a?, but certain ohjectioiKs, valid and partly shown before, 
are liable to be raised against it." It is therefore advisalde to con- 
trast the length of the cavities in all the series also with the mean 
ventral diameter of the crania/ The next table gives the relations 
of the mean of the two frontal fossae with the mean ventral length of 
th(' skulls in all the groups dealt with in the preceding list, and it will 
be seen that, though the ligures differ a little, the results are substan- 
tial Iv identical. 

Mean length of tlte (ntterior cranial fossa' in relation to the mean of the right and left 
greatest ventral diameters of the skidl. 



Sul)jeots, 



Adults: 

Whites, males— 

Dolichoeephals 

Mesocephals 

Brachyeephals 

Whites, females— 

Dolichoeephals 

Mesocephals 

Brachyeephals 

Indians, males — 

Dolichoeephals 

Brachyeephals 

Negroes— 

Males, dolieho- and mesocephals 

Females, dolicho- and mesocephals 

Fetuses and young: 

White fetuses and children, brachyeephals.. 
Colored fetuses and children, brachyeephals 

Dolicho- and mesocephals 

Anthropoid apes: 

Chimpanzees 

Orangs 

ttibbons 

Monkeys and lemurs: 

Macacus 2>doj)s 

Cebus hypoh ucus 

Alouata srniciila 

Midas 

Lemur variiis 

Other mammals: 

rrsusamerirainis 

Deer 



Num- 


Average 
relation of 
the fossje 
(mean ven- 
tral length 
= 100). 


Average 1 
1 relation of 
1 the fossae 


1 

, Num- 


ber of j 
skulls. 


(greatest 
external 
length = 
1 100). 


ber of 
, skulls. 


G ! 


29.3 


I 27. 2 


14 


9 


29.5 


! 27 ! 5 


11 


8 


29.6 


27.3 


11 


5 


29.4 ' 


27.1 


5 


G 


30.4 


28. 1 


6 


4 


30.0 


28. 2 


6 


10 


28.0 


25.5 


10 


10 


29.5 


26.8 


10 


13 


30.4 


27.3 


14 


4 


31.0 : 


28.3 


5 


9 


33.1 


31.1 


10 


10 


32.2 ! 


30.9 


1 10 


20 


32.3 


30. G 


20 


2 


35.3 


32.9 


2 


6 


34.4 


30.4 


6 


4 


37.5 j 


1 36. 2 


! 4 


1 


38.3 


36. 0 


1 


1 , 


34.7 1 


30.0 


1 


1 


39.1 


32.9 


1 


1 


33.1 , 


31.7 


1 


1 


41.5 


I 36.7 


1 


1 


38.4 






1 


34.1 







The |)Oi5ition of the Indian is seen in this table in a clearer light, 
tind the same is true of the negro, the former appearing nearer to 
the white man tind the latter nearer to less developed forms of crania. 
The exceptional position of the gibbons among the anthropoid apes, 
and of the macaque, alouata, and lemur in the following group, remains 
accentuated. 

Fhe correlation of the anterior with the other fossa* of the skull 
will be treated of later on. 



Varying dimeiisioiiH of the glabella and occipital ridges ; the point chosen in 
apes instead of glabella ; the varying thickness of bone inclnded. 

Average of the greatest internal length of the riglit and left side. 
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MIDDLE FOSSiE. 

The absolute average length of the middle fossie in human adults 
shows as follows: 

Middle fosiiiv: Average leiiyth in adults. 



Male.s. Females. 



Me.soeeplmls. 

Race. 


Mesofephal-s. 










- ! 






'S' 




% 


^ ^ ^ 


S 


■ % 


d 


5 


A 5 




J J ■ 


5 


J Cm 




7n in . 


mm. ■ mm. 


mm. mm. 


mm. mm, mm. 


mm. 


mm, mm. 


mm'. 


(14) 


(11) 


(11) 


i^) 


(0) 


(«>) 




Whites .54.9 


54. S 55. 3 


55.1 55.4 


56.5 51.3 50.7 


52.7 


52.1 51.4 


51.4 




(«-0.1) 


(«-0.2)j 


(a+1.1) ('»— 0. 6) 




(« 0.6) 


(«+-0) 


(10) 




(10) 










Indians 53,3 


51.8 


53.6 


51.9 










(«-1.5)[ 




(«-1.7)! 




i 




(H) 






i i^) 1 




1 




Negroes 53. t 


53.5 




49.8 49.6 








(<■+0.1) 




1 («-0.2) 









n Differences from the right fossa. 



The cavities, it is seen, are slightly longer than the anterior ones (in 
the proportion of 108 to 100 — a detailed comparison in a future para- 
graph). There is again a predominance in the length of the right fossa, 
but it is not as great or etiually frequent as in the case of the anterior 
fossa>. 

Jjengih of middle fossa on the hvo sides in human adults. 





Right middle 


Middle fossae 


Left middle 


Skulls. 


fossa longer 


of equal 


fossa longer 




(per cent of 


length (per 


(percent of 




cases). 


cent of cases). 


cases). 


16 adults, whites, males, dolichocephals 


31 


37 


31 


14 adults, whites, males, me.socephals 


43 


21 


36 


15 adults, whites, males, brachvcephals 


40 


33 


27 


8 adults, whites, females, dolichocephals 


50 


12 


37 


7 adults, whites, females, mesocephals 


43 


29 


29 


6 adults, whites, females, brachvcephals 


33 


50 


17 


10 adults, Indians, males, dolichocephals 


70 


20 


10 


10 adults, Indians, males, hrachvcephals 


50 


40 


10 


15 adults, Negroes, males, dolichocephals 


47 


27 


27 


9 adults, Negroes, females, dolichocephals 


33 


22 


44 


Total (110 skulls) 


41 


29 


27 


With the anterior fo.ss». the conditions were: Right longer, 63.5; equal, 


20.5; and left longer, 16 per 



cent. 

In the skulls of the fetuses and young, and in those of anthropoid 
apes and other mammals, the results differ from those in human adults. 
There were among: 

Length of middle fossa on the two sides in human fetuses, etc. 



Skulls. 



The right 
middle 
fossa 1 
longer. 


Middle 

fossae 

equal. 


The left 
middle 
fossa 
longer. 


Pt r cent. 


Per cent, j 


Per cent. 


35 


50 t 


15 


69 


23 


8 


29 


43 1 


29 



40 human fetuses and young 

13 anthropoid apes . . . 

7 other mammals 
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Those ti^airos show again, as did similar data with the anterior fossie 
(([. V.). that in the fetuses and A-oung the proportion of eases where 
either the right or the left cavity is longer is much smaller than in the 
adults, and points to the fact that in-egularities are to a large extent of 
later dev(‘lopment. In the anthropoid apes I hnd a higher different 
tiation in the middle fossm than in the human }^oiing, similarly as with 
the anterior cavities. 

The actual ditferences between the middle fossie ranged thus: 



.\bsohife differences in length of the middle fossa", right fossa the longer in c<tses\ 



Subjects. 


0.5 mm. 


1 mm. 


1.5 mm. 


2 mm. 


2.5 mm. 


3 mm. 

j 


3.5 mm,' 

!„ _l 


1 mm. 


Above 
4 mm. 


Human adults 


5 


17 


6 


11 


3 


3 


1 


1 


al 


Human fetuses and young. . 


1 


9 


2 


2 


0 


0 


0 


0 


0 


Anthropoid apes 

Monkeys and other mam- 


3 


1 


0 


1 


1 


0 


0 


0 


0 


mals 


1 


1 


0 


0 


0 


0 


0 


0 


0 



'f 6.5 mm. 



Absolute differences in length of the middle fossie; left fossa the longer in cases: 



Subjects, 


0.5mm. 


1 mm. 


1.5mm. 


2 mm. 


2,5mm. 


3 mm. 


3.5mm. 


' 4 mm. 


Above 
4 mm. 


Human adults 


3 


11 


2 


5 


1 


3 


2 


2 


«1 


Human fetuses and young.. 


2 


4 


0 ' 


0 


0 


0 


0 


0 


0 


Anthropoid apes 

Monkeys and other mam- 


0 


1 


0 


0 


0 


0 


0 


0 


0 


mals 


1 


1 


0 ^ 


0 


0 


0 


0 


0 


0 



a 5.5 mm. 



The conditions disclosed by the above hgiires are such that almost 
the exact words which were used in describing the diti'erences in the 
anterior fossie are applicable. In this case, as there, the range of dif- 
ferences is somewhat greater with the right fossa; the inequalities 
are smaller in the young; they show a range of fair extent in the 
anthropoid apes, though the skulls are less than half the size of full- 
grown human crania, and they are very small in the monkeys and 
other mammals. 

The form of the skull may have some slight connection in this case 
with the ditferences in the length of the cavities. In three of the series 
(white females, Indians, negroes) the right fossa is longer than the 
left in a larger percentage of the doli(*hocephals than of the brachv- 
cephals (in dolichocephals in 50, 70, 4-7 per cent; in brachycephals, 
respectively, in 33, 50, and 33 per cent of cases). Race may also be a 
factoi’, for a lai’ger proportion of cases with longer right middle fossa 
is found among the Indians than in any of the other series. As to sex, 
no intiuence on the ditference between the lengths of the two middle 
cavities is apparent. 

A comparison of the inequalities in length in the middle with those 
of the anterior fossai reveals the fact that these disproportions can be 
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only in a limited muiiher of cayes compensatory in nature; in a larg-e 
percenta^'e of the crania there is no trace of a convlation. The fol- 
lowing- conditions exist in this regard among the human adults: 

Ver cent 
of caKcs. 



Anterior fossje of equal length, middle fossa* of e<inal length 4. 3 

Anterior fosste of equal length, right middle fossa longer than left 10.9 

Anterior fossa? of equal length, right middle fossa shorter than left 5.4 

Kight anterior fossa longer than left — 

middle fossa* equal 20. 7 

right middle fossa longer than left 29. 3 

right middle fossa shorter than left 13. 0 

Right anterior fossa shorter than left — 

middle fossa* equal 4. 3 

right middle fossa longer than left 8, 7 

right middle fossa shorter than left 3. 3 



The only two .seric.s of cases where a compensation 1)etween the 
length of the anterior and middle fossa of the same side may exisit 
(that is, ‘'the right anterior fossa longer than the left — the right middle 
fossa shorter than the left,'’ and the opposite) embrace only 13 and 
8.7, in total 21.7 per cent, or about one-tifth of all the skulls exam- 
ined. On the other hand, a greater length of both the anterior and 
middle fossa on the same side was present in 29.3 per cent (right side) 
and 3.3 per cent (left side), in all 32.0 per cent, or almost one-third, of 
the crania. These facts show that the dimensions of one pair of the 
fossie in question are to a large extent independent of those of the 
other pair, which make it plain that they are not due to conditions 
inherent in the bones themselves, but to those pertaining to the lu’ain. 

The relations which the mean length of the two middle fossie boar 
to the size of the skull are indicated in the figures below. As with the 
anterior cavities, the size of the skull was judg('d from the mean of its 
greatest length and breadth; the fossje were contrasted with the great- 
est external as well as the mean ventral length. The speeimens 
selected for this comparison were the same as with the frontal fossie 
on a similar occasion. 



ircr<(ge relations of (he mean length of the two middle fossw to the greatest dorsal and mean 
ventral lengDi of the skall {each of these diameters hehtg each takeyi as 100), in the largest 
and smallest skulls of the series. 





Number of siK'ci- 
mens. 


In the largest 
crania— 


Number of .speci- 
mens. 


In the smallest 
crania — 


Subject. 


vs. ex*"' 
ternal 
1 length. 


VS. in- 
ternal 
length., 


vs. ex- 
ternal 
length. 


vs. in- 
1 ternal 
1 length. 


ults: 

White males 


6 (2 of each series') . 


28.9 


i 

31.2 


6 (2 of each series) 


27. 5 


29.9 


White females 


6 (2 of each series) . 


27.7 


30.4 


6 (2 of each series) 


29. 6 


32.3 


Indian males 


6 (3 of each .series) . 


26. 3 


28. 8 


6 (3 of each series) . . J 


26. 5 


28. 6 


Neffroes, both sexes 


6 (3males, 2 females) 


27.4 


30.3 


5 (3 males, 2 females).. 


28. 5 


31.0 
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The conditions are irreo’ular. The length of the middle fossae in 
the smallest skulls exceeds that in the largest specimens among the 
white males and in the negroes; in the white females the facts are the 
reverse; while in the Indians the ditferences are immaterial. Much 
larger numbers of cases would probably clear up the matter; as it is, it 
is necessary to reserve conclusions. 

The ditferences in the absolute and relative length proportions of 
the middle fossiv between adults and young, in man and animals, in the 
sexes, in races, and various forms of the skull, are contrasted in the 
table that follows: 



Lengtlt 2)roj>orihus of middle fossie in relation to greatest external length of the skull. 



Subjects. 


N um- 
ber of 
skulls. 


Average 
dorsal 
maximum 
length of 
skull. 


Average 
mean 
length of 
the two 
middle 
fossfe. 


Average 
relation of 
the length 
of the 
fossse to 
the dorsal 
length of 
theskull. 


Average 
relation of 
the length 
of the 
fossaj to 
the ventral 
length of 
the skull. 


Num- 
ber of 
skulls. 


Adults: 

White males— 

Doliehoeephals 


14 


cm. 

19.4 


mm. 

54.9 


28.3 


31.9 


10 


Mesoeephals 


11 


18.7 


55. 2 


29.4 


32.2 


14 


Braehyeephals 


11 


18.2 


55.9 


30.7 


33. 9 


10 


White females — 

Doliehoeephals 


5 


17.8 


51.0 


28. 6 


31.4 


i 10 


Mesoeephals 


0 


17.8 


52. 4 


29.5 


33.0 


9 


Braehyeephals 


r> 


17.3 


51.4 


29.8 


32.0 


5 


Indian males— 

Doliehoeephals 


10 


IS. 3 


52. 5 


28.7 


31.5 


10 


Braehyeephals 


10 


16.9 


52.7 


31.2 


34.3 


10 


Negroes — 

Males, dolicho* and mesoeephals 


14 


18.6 


53.5 


28. 8 


31.9 


13 


Females, dolieho- and mesoee- 
phals 


5 


17.7 


49.7 


28.1 


31.1 


8 


Fetuses and young 


40 


9.1 


26.2 


28.8 


30.2 


39 


White, braehyeephals 


10 


7.9 


24.4 


30.7 


32. 1 


9 


Colored, braehyee) dials 


10 


9. 2 


26.6 


28.9 


30. L 


10 


Colored, dolieho- and mesoeephals. 


20 


9.7 


26.9 


27.8 


29.3 


20 


Anthropoid apes: 

Chimpanzees 


2 


11.9 


38.5 


32.3 


34.8 


2 


Orangs 


6 


11.9 


37.1 


31.1 


35.3 


6 


Gibbons 


4 


7.5 


24.2 


32.0 


33.2 


4 


Monkeys and lemurs: 

Macncus pfloj)S 


1 


8.2 


28.5 


34. 7 


37.0 


1 


Cebns hypolcut'us 


1 


7.5 


24.0 


32.0 


35.8 


1 


Almuitd sen icula 


1 


7.0 


25.7 


36.8 


43.8 


1 1 


Midas 


1 


4.1 


15. 2 


37.2 


38.8 


1 


Lemur varius 


1 


6.0 


22.5 


37.5 


42. 4 


1 



Contrary to what was witnessed with the frontal fossae, the middle 
cavities in the human young (parti cul'arl}" in the dolicho- and mesoce- 
j)halic colored fetuses) show somewhat smaller relative proportions 
than in the adults. The increase in their relative value within the 
series, from the smallest to the largest fetuses, is very irregular. 

In anthropoid apes the middle fossae are relatively slight!}" longer, 
in the monkeys and lemurs decidedly longer, than in any of the human 
series. Tliey ditfer most widely in this from the human young. 

In sexes the relative proportions of the middle cavities differ quite 
immaterially. Neither are there any great racial differences, though 
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it should be noted that the Indian male brachycephals shosv the max- 
imum and the negro doliehocephals the minimum proportions. 

There are, however, even more so than with the frontal cavities 
(q, V.), ditferences of the relative length of the middh‘ fossa> in the 
different forms of the skull, this length being throughout smaller in 
the doliehocephals than in the brnchycephals, while with the mesoce- 
phals it is mostly intermediaiy. Even in the young the proportions 
are higher in the shoil. than in the long ci’ania. The differences 
regarding the frontal fossa were, it will be rcmem]>ered, of a like 
nature, though seemingly of different morphological signiticance. 

The correlation of the middle with the other fossa will be dealt with 
in a future section. 

POSTERIOR FOSSJB: CEREBRAL PORTION. 

The absolute lengths of those fossa are as indicated in the ligures that 
follow. In the three upper lines of the talffe are represented only those 
skulls in which also all the other fossa could be measured, that is, 
skulls which correspond to those given in tables of absolute measure- 
ments of the middle and frontal cavities; while in the fourth line are the 
lengths of all the pairs of the postero-superior fossa in the skulls 
examined. Tlie two lines of tigures show no great difference. 

Posterior fossn\ cerebral jmrt: Average length iu adalts. 



Mules. 



Females. 



Race. 



Whites 



Indians 



Negroes 



Whites, all 
skulls in 
whieh t h e 
two fossje 
e o u 1 <1 be 
measured . . , 



Doliehoeepli- 

al.s. 


Mesoeephals. 


Braehyeeph* 

ais. 


Uoliehoeeph- 

als. 


Mesoeephals. 


Braehyeei»h- 

ais. 




















'a 








5 


3 ' 








s 








mm. 

(14) 

81.0 


m m . 

83.2 

o{+2.2) 


m m. 
(11) 
79.0 


mm. 

81.8 

«(+2.2) 


m m . m m . 

(11) 

75. 9 78. 7 

,‘*(+2.8) 


m m . 

(5) 

74.0 


mm. ' 

77. S 
r»(+3.S) 


m m . 
(0) 
75. 8 


vim. 

78.1 

"(+2.3) 


mm. 

(0) 

75.0 


mm. 

1 

75. 0 
"( +0. 0) 


(10) 
79. 2 


82 4 






(10) 

73 5 74 1 














^'(+3'.2) 

80.2 

^(+2.9) 


! 




a(+0. 0 


(■^) 

74.4 


' 70. 0 








(14) 

77.3 






i 


a(+2.2)| 








(20) 




(19) 




(19) j 


(10) 


1 


(9* 




(9) 




80.5 


81.7 

«(+1.2) 


78. 3 


80. 4 

|0 ( -[-2. 1 ) 


1 

70.3 78.8 

'*(+1.5) 


73. 8 


70. 8 
^'(+3.0) 


70. 0 


1 

7s. 7 
"(+2.7) 


73.0 


75.7 

"(+2.1) 



(> Diflferenee from the right fossa. 



The most striking feature of the above data is the (‘vidtmee that in 
all the groups and scries the left fossa is the longer, whuli is the 
reverse of what was ol)served with the middle and (^specially with the 
Proc. N. M. vol. xxxii — 07 lo 
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anterior cavities; and the differences are in most cases very decided. 
Individually, the cases where the left fossa is not the longer are in 
nearly all the series comparatively infrequent, namel} : 



Length of postero-mperior fosm on the too sides in human adntts. 



Skulls. 



Adults: 

Whites, males— 

Dolichoccphals 

Mesocephals 

Brachycephals 

Whites, females— 

Dolichocephals 

Mesocephals 

Brachycephals 

Indians, males — 

Dolichocephals 

Brachycephals 

Negroes— 

Males, dolichocephals 

Females, dolicho- and mesocephals. 



Right pos- 
lero-superior i 
fossa longer 
(per cent of ' 
cases). 


Fossa^ equal 
(per cent of 
cases). 


Left pos- 
tero-superior 
fossa longer 
(per cent of 
cases). 


20 


,5 


: 05 


21 


11 


1 OS 


0 


11 


1 89 


20 


0 


80 


11 


11 


78 


25 


12 


68 


20 


0 


80 


50 


0 


50 


20 


0 


80 


10 




00 



The left fossa is shown to be the longer in from 50 to 00 per cent 
of the cases in the various series, or in over T2 per cent, or nearly 
three-fourths of the crania, if we take all the 130 skulls together. The 
middle fossie, it was seen, showed in 14 per cent, and the anterior 
cavities in 63.5 per cent, an excess in the length on the right side. 

Among the human j^oiing and the anthropoid apes, and in other 
mammals, the conditions were as follows: 



Length of post ero-su per ior fossa on the tiro sides in human fetuses^ etc. 



Skulls. 


Right 

postero- 

superior 

fossa 

longer. 


Fossa* 

e(iual. 


Left 

postero- 

superior 

fossa 

longer. 


40 human fetuses and young 


Per rent. 
17 


Per cent. 
45 
23 


/Vr cent. 

37 

02 


13 anthropoid apes 


15 


7 monkeys and other mammals 


43 


14 


43 

1 





In the human young there is a much larger percentage than in adults 
of postero-superior fossa? of equal length, showing again, as with the 
middle and anterior cavities, that the inequalities are often of later 
development. In the present case this seems to be true particularly of 
the excess of length on the left side. In the anthropoid apes the con- 
ditions are not much different from those in human adults, which 
indicates that the predominance of excess of length in the left postero- 
superior fossa, and of that portion of the cerebi-um which enters into 
it, is an ancient feature which has not been acquired and has scarcely 
l)een modified in man. Among monkeys and lower mammals there 
seems to be less regularity in the unevenness of the postero-superior 
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cavities, but the number of cases is not sufficient for any definite 
conclusion. 

The absolute dificrence in the length of the two postero-superior 
fossil is often very pronounced, much more so than in the case of the 
frontal and middle cavities. It ranged as follows: 



Ahsolute dijferenres in length of the po.dero-sujtei'ior fossae; right fosm the longer in crones: 



Subjects. 


0.5 : 
,mm. 


1.0 1.5 2.0 

mm. mm. mm.' 


2.5 i 3.0 3.5 I 4.0 

mm. mm. min. mm. 


4.5 5.0 5.5 6.0 

mm. mm. mm. mm. 

_ : 1 


6.5 

mm. 


7.0 ' 
mm.' 


Over? 

mm. 


Tinman adults . 


! 5 


' 

6 1 4 


0 3 11 


0 2.01 
i . ..i 1 


0 


0 


rt 2 


Human fetuse.s and 
YOung 


1 


5 0 1 




Anthropoid apes 


^ 0 


10 1 






1 






Monkeys and other 
mammals 


1 


9 ' 


! 


' 






j 






1 


1 ! 




, 







Adsoluie differences in length of the ]>oster()~sitperi<)r fossie; right fossa the longer in cases: 



Subjects. 


0.6 j 
mm 1 


1.0 

mm. 


1.5 2.0 

mm. mm. 


2.5 

mm. 


1 3.0 1 3.5 
mm. mm. 

' 1 


' 4.0~ 

mm.j 


4.5 5.0 

mm. mm. 


5.5 

mm. 


6.0 

mm. 


6.5 7.0 Over? 

nun mm, mm. 

1 


Human adults 


0 


1 1 




12 : 


5 0 






10 


5 


3 2 62 


Human fetuses and 
vonng 1 


2 


5 


1 5 

2 I 


1 

1 j 


1 1 






Anthropoid apes. 


0 1 


1 


2 1 












Monkeys and other j 
mammals 


0 


1 


0 2 




















! 




1 1 _ _ __ 






\ 



rtSmm. <>f .s. 5 inm.; 1 of 11 inm. 



In 25 subjects, it is scc!i, the inequality in the length of the two 
fossa? exceeded half a centimetei’, and in one it reached 11 uiillimeters. 

Those figures of the preceding talile that concern human adults can 
be more conveniently expressed in percentages, thus: 

Posterior superior fossie longer by — 

0.5 to 2.0 inm., right in 05.5 per cent, left in 30.4 j)er cent of eases. 

2.5 to 4.0 inin., right in 17.2 per cent, left in 38.0 per eeiit of eases. 

4.5 to 6.0 linn., right in 10.3 per eent, left in 24.0 per eent of cases. 

Above 6.0 mm., right in 6.9 per eent, left in 7.6 per eent of eases. 

The above brings out cleaily a predominance of the minor difi'ei'- 
cnces in that category of cases where the right fossa is longer, and of 
the greater ineijualities in the larger class of cases where the left 
fossa exceeds in length. Similar conditions were noticed with the 
middle and the anterior cavities; on the side (in l)oth these instances 
the right) where there was a prevjdence of longer fossay there were 
also noticed greater actual difierences in length from the opposite 
cavity, and the reverse. 

The intiuences on the length of the two postero-superior fo.ssa^ of 
skull-form, sex, and race are not clearly defined; the question might 
possibly be settled by much larger series of skulls. 

A comparison of the length of the postero-superior fossa' with the 
combined length of th(' iniddh' and anterior cavities shows that fre- 
quentl}" the greater length of one of the former stands in what is in 
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all probability compensatory relation with the latter. The following 
conditions existed in this regard among the human adults. 

Per cent 
of cases. 

Anterior («) (^^0 fossie of equal length, postero-^^uperior {ps) fosste of 



equal length 0 

a-\-m of equal length, right ps longer than left 1. 1 

a-\-m of equal length, right ps shorter than left 7. 6 

Right (/ + in longer than left, ps equal 2.2 

Right a + m longer than left, right ps longer than left 12. 0 

Right a + m longer than left, right^)S shorter than left 56. 5 

Right u + m shorter than left, ps equal 4. 2 

Right a -h in short u' than left, right ps longer than left 6. 5 

Right a shorter than left, right ps shorter than left 9. 8 



In 03 (oG + 6.5) per cent of the c’ases the length of the postero- 
superior fossa stood in an apparently compensatory relation to the joint 
length of the two other cavities of the same side. A certain propor- 
tion of this number of cases, very probably the majority, represents 
a true compensation, the rest being due to conditions inherent in the 
posterior fossie themselves or, more properly, in peculiarities of those 
portions of the cerebrum which till them. In 2 1.8 (right 12, left 9. 8) 
per cent of the skulls the postero-superior fossa on one side was 
longer, notwithstanding the fact that the sum of the length of the mid- 
dle and anterior cavities on the same side was also longer than that on 
the opposite side. In several of these cases all the three cavities on 
the same side were individnallv longer than those on the other side of 
the same skull. In no case among the 92 adult human crania were all 
the three fossie of one side exactly equal to those opposite. The ten- 
dency to a gi’cater length of the left postero-siqierior foSvSa is very 
pronounced. It accompanies, in the skull, and is the main manifesta- 
tion of, the prevalent greater length of the left cerebral hemisphere. 

The relations born by the mean length of the postero-superior fossa3 
to the size of the skull, the latter judged as before, from the mean of 
its greatest length and breadth, are indicated beneath, the specimens 
represented being the same as with the frontal and middle fossa> on 
the occasion of similar comparison. 

Averatje relation of the mean length of the tiro postero-superior fossae to the greatest dorsal and 
mean ventral length of the skull {each of these diameters being taken as 100) in the largest 
and smallest skulls of the series. 



Ill the largest crania. In the sinalle.«it crania. 



Skulls. 


No. of 
speci- 
mens. 


vs. exter- 
nal length. 


vs. inter- 
nal length. 


No. of 
speci- 
mens. 


vs. exter- 
nal length. 


v.s. inter- 
nal length. 


Adults; 

White males 


1 

1 r> 


43.2 


46, 9 


6 


43.1 


46.8 


White females 


6 


42, 9 


47.2 


6 


43.0 


46.7 


Indian males 


6 


43.8 


47.9 


6 


43.7 


47.3 


Negroes, both se.xes 


5 


41.7 


46.2 


5 


44.0 


47.9 



NO . 1521. 



MEASUREMEXrS OF CRAXIAL FOSSJJ—HRDLirEA. 197 

No reo'ulur or siihstaiitiul diUVroiico is apparent. Tlao’e. is no com- 
pensation in this regard between the postero-snperioi- and the antei'ior 
cavities, which latter, it will be remembered, are relatively shortin* 
in the largest than in the smallest crania. 

The absolute and relative length proportions of the postero-snperior 
fossie, contrasted between adults and young, man and animals, sexes, 
races, and in the main cranial forms, are presented in the following table: 

Length proportions of podero-snperior fossiv In relation to greatest external length of the skull. 



Subjects. 


Num- 
ber of 
skulls. 


Average 
external 
maximum 
length of 
skull. 


Average ' 
mean 
length of 
the two pos- 
tero-supe- 
rior fossm. 


Average 
relation of 
the length 
of the fos- 
.sfe to the 
dorsal 
length of 
[ the skull. 


Average ; 
relation of i 
the length 
of the fo.s- 
' see to the 
1 ventral i 
length of 
the skull. : 


Num- 
ber of 
skulls. 


Adults: 

Whites, males — 

Doliehocejdials 


14 


em. 

10. 4 


m m. 

82. 1 


42.4 


^ 45. 9 


10 


Mesoeepbals 


11 


18,7 


80.7 


43.0 


46.0 , 


14 


Braehyeephals 


11 


18.2 


77.3 


42.4 


46. 4 


10 


Whites, females— 

Doliehocephals 


5 


17.8 


75.9 


42. 6 


1 

45.8 1 


10 


Mesoeephals 


t) 


17. S 


76.9 


43.3 


46. 8 


9 


Braehyeephals 


t) 


17.3 


75. 3 


43.5 


47.4 


5 


Indians, males — 

Doliehocephals 


10 


18.3 


80. 8 


44.2 


48. 5 


10 


Braehyeephals 


10 


10.0 


73. 8 


43.6 


4 S .0 


10 


Negroes— 

Males, dolieho- and meso- 
cephals 


14 


18.6 


78.7 


42.4 


ii ' 


13 


Females, dolielio- and me.so- 
cephals 


5 


17.7 


75. 5 


42.7 


1' 46.9 


s 


Human fetuses and young 


40 


0. 1 


41. 1 


44.5 


46. 9 


3 t > 


Anthropohl apes: 

Chimpanzees 


2 


11.9 


49.8 


41.7 


45.0 , 


o 


Orangs 


6 


11.9 


51.0 


42.8 


48.5 ' 


6 


Gibbons 


4 


7.5 


30.8 


40.7 


42.3 


4 


Monkeys and lemurs: 

Macacus jutops 


1 


8.2 


32.5 


39.6 


42.2 


1 


Cebiis hypoleucus 


1 


7.5 


28.0 


37.3 


41.8 


1 


Alouata scnicuta 




7.0 


24.5 


35.0 


41.7 


1 


Midas 


1 1 ' 


4.1 


16.5 


40. 2 


42. 0 


1 


Lemur variiis 


1 . 

1 


6.0 


17.3 


28.7 ' 


32. 5 


1 



The average relative proportions of the postero-superior cavities 
ditter, it is seen, but little between human adults and the young; taken 
as a whole, the middle fossie presented a moderate, the frontal cavities 
a marked, divei'sity at the two periods of life. If we compare the rela- 
tive proportions of the postero-superior fossie in the smallest fetuses 
of the series, namely, in those wdiere the vertex-breech length Mas less 
than cm, Muth those where it Mas above that, we tind sonuMvhat 
ditferent conditions, as shown in the folloMung* table: 



Case. 


Vertex-breech 
length in centi- 
meters. 


Relation of the mean length 
of the postero-superior tos- j 
S£e to the — 


dorsal length 
of the skull. 


mean ventral 
length of the 
skull. 


1 


5.2 


33.3 


42. 4 


2 


8.3 


41.7 


47.2 


3 


15.9 ; 


37. 6 


40.4 


4 


17.4 { 


40.6 


44.8 


5 


17.6 


37. (> 


40.9 


6 


19.9 


44.7 


45. 4 
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The relation to the dorsal length of tlie skull is in tliese cases pi'oba ■ 
hly the more reliable, as the venti’al length can easily and impercepti- 
l)ly be augmented a little l>y the relaxation of the bones consecjiient 
upon the removal of the parietals, which constituted the method of 
opening the small skulls. However, compared to either the external 
or internal cranial length, the fossie are in the majority of the cases 
shown to be smaller than during later development. In fetuses in 
which the vertex-breech length is above 20 cm. the ndative dimen- 
sions of the fossie are much more like those in adults, showing that 
the attainment of their full relative length takes place veiy earl} . 

Jn anthropoid apes, monkeys, and lemur, with the sole exception of 
the orang, the postero-superior cavities are relatively shorter than in 
human adults, agreeing in this respect with what exists in the earlier 
stages of fetal life in man. The proportions ai*e particularly low in 
the lemur. 

No definite difference in the relative length of the postero-superior 
cavities appears in the sexes. Among races, they are longest in the 
Indian, the whites and negroes being near alike. As to the main 
cranial forms, among whites the fossie are in both sexes in the average 
slightl}" longer in the meso- than in the dolichocephals, and still longer 
in the brachj^cephals, while among the Indians and the }^oung it is the 
fossie in the dolichocephals that are slightly longer. The differences 
in this respect are, however, throughout too small to be of much sig- 
nificance; besides, individual exceptions are numerous in all the series. 

THE THREE CEREBRAL FOSS^ CONSIDERED TOGETHER. 

The sum of the lengths of the three cerebral fossie on each side shows 
this interesting distribution: 

fSam of lenglha of cerebral fame. 






Subjects. 



Whites, mates: 

Dolichocephals 

Mesocephals 

Brachycephals 

Whites, females: 

Dolichocephals 

Mesocephals 

Brachycephals 

Indians, males; 

Dolichocephals 

Brachycephals 

Negroes, males; 

Dolicho- and mesocephals . 
Negroes, females: 

Dolicho* and mesocephals . 

Unman fetuses and young 

Anthropoid apes 

Monkeys and lemur 



1 No. of 
cases. 

1 


Right 

side. 


Left 

side. 




I 

! c?}t. 


cm. 


14 


IS. 9 


19.0 


11 


18.7 


18.8 


11 


18.1 


18.4 


1 5 


17.4 


17.6 


6 


17.9 


18.0 


6 


17.5 


17.5 


10 


17.9 


18.1 


10 


17.3 


17.1 


' 14 


18.2 


18.4 


5 


17.5 


17.5 


1 40 


9.55 


9.5 


i 13 


11.3 


11.3 


5 


6.9 


6.9 



[a, anterior; m, middle; ps, postero-superior fossa.] 
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In sev(in of the ten series of human adults the average of the sum 
of the lengths of the three cerebral foss«\3 on the left exceeds that of 
the right side by from 1 to o millimeters. There is therefoi’e a clear, 
though small, excess of fossal length on the left in the mass of human 
adult crania. In two series the av(‘rag(‘s are eijual ; while in one 
si'ries, the brachycephalii* Indians, an excess (2 mm.) is shown for the 
riglit side. In the human young, anthropoid apes, and monke 3 \s, the 
ditrerenee in the averages an^ nil, or not exceeding half a millimeter. 

Individuallv the sum of the lengths of the three fossjv on each side 
was as follow s : 

( 'oinhined length of cerebral fossiv on the ttro sides. 



Sul)je<‘ts. 


Right a + m - 
! ps longer 
than left in— 


K<}ual in— 


Lefta+w+ps 
longer than 
right in— 


Whiles, males: 


iYr rrnt. 


Per cent. 


1 P< r cent. 


Doliehoeeplials 


14 


21 


64 


Uesocei)hals 


3() 


0 


64 


Braehvcephals 


45 


0 


55 


Whiles, females : 








Dolichocephals 


0 


20 


SO 


INlesoceplials 


33 


0 


66 


Brachycephals 


50 


17 


33 


Indians, males: 








Dolichocephals 


30 


0 


70 


Brachycephals 


60 


20 


20 


Negroes, males : 

Dolicho- to mesncephals 








21 


14 


61 


Negroes, females : 








Dolicho- to mesocejtlmls 


40 


0 


60 


Human fetuses and young 


50 


25 


25 


Anthropoid apes 


46 


23 


31 


Monkeys and lemur 


50 


17 


33 



[a, anterior; m, middle; ps, postero-superior fossa.] 



These tigures reveal several facts of some importance. Among the 
human adults tlie brachj^cephals show^ all through a remarkablv 
greater proportion of larger fossal length on the right and smaller on 
the left side than the mesoeephals, and especiall}^ the dolichocephals. 
And similarl}" largt' percentage of longer right fossal length exists in 
the human 3 "oung, the anthropoid apes, and the monkeys and lemur. 
Sex shows no particular ditierence, and the inliuence of race is small, 
if any. The bracln^cephals stand in this feature decidedlv nearer the 
human 3 mung and the other pi'imates than man, than the dolichoceph- 
als. It is, of course, possible that the prevalence of a greater fossal 
length on the right side is due to ditferent causes in these several 
groups, but more likel 3 ^ there is some relation in these phenomena. 
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'I'hi' iictiinl dittcrciici's in thd coniliiiiod fossiil lonijlli nuif^i'd tlnis; 



^Uttcrl<fr, ni'nhlle, and pusitTo-snjM’rior foMu’ loiHjfr Ihnn the s(nne of I he oj^posile side. 



Subjects. 



Human a(lults;| 



Human young: 



Anthropoid apes: 



Monkeys and lemur: 





0.5 


0.1 1.5 


2.0 


2.5 


3.0 


3.5 


4.0. 1 


4.5. 1 


[ 1 

5.0. 1 


5.5. 


i 6.0. 


Above 

6.0. 

mm. 




mm. 


mm. mm. 


mm. 


mm. 


mm. 


mm. 


mm., 

. J 


mm. 


mm. 

1 


min. 


mm. 


.eases. . 


s 


5 1 


0 


2 


0 




' 4 


2 


2 


1 ! 
1 1 ‘ 


, 1 


a 2 


.do.... 


6 


6 4 


8 


2 ' 


6 


1 


i 5 


1 


; ^ 


‘ •> 

1 “ 


; 0 


/HI 


.do.... 


1 


7 2 


5 


•> 


0 


0 


0 


0 


0 


1 0 


! 0 


0 


,.do.... 


3 


3 T 


1 


1 


1 


0 


0 


0 


0 


0 


0 


0 


.do 




4 1 
















! 






do 


1 


1 1 


1 
















do. .. 


3 




1 










do. .. 


0 


1 1 




















i 














1 





"1 0.5 mm.; 1 



01 — 6.5 mm.; I S mm.; 1 ^ 12 mm. 



Tlie ^T(‘iitest of the ditfereMces ainono- the hiiniaH adults are on the 
left side; also the proportion of cases with large ditferences is greater 
where the left comhiiK'd fossal length is greater. In the human young 
the difterences are smaller, showing that the peculiarity is to tpiite a 
large degree of later development, which agrees with what was 
observed with all the individual cavities. In anthropoid apes and 
monkeys the ditferences are relatively small, exceeding in no cast' 2 
millimeters. 

It remains to show how the combined fossal length agrees with the 
greatest ventral length of the skull of the same side. The succeeding 
ta])le gives the averages of the right and left ventral antero-posterior 
diainebu’s in human adults. It will be seen that here also, as with the 
(f + hf + yM' length the left diameter preponderates in the mass of the 
specimens, and it will also be noticed that in the white brachycephals 
there is scarcely any ditl'erenee, while in the white dolichocephals, 
both male and female, the inequality is pronounced. 



Ventml untero-posterioe nuu imum diameter of the shidl. 



Males. 



Females. 



Subjects. 



cm. 
i (H) 

Whites 17.5 

1 

'( 10 ) 

Indians ; 16.6 

( 13 ) 

Negroes 16. 7 



I Brachyeeph- j 
1 Ills. i 



I C7U. ■ cm. 

I (8) I (12) 

i 17.7 17.23 
c(+0.2)| 

(10) I 

16.7 ' 

,”{+0. l)j 

I (’3) 

I 16.8 ' 

i«(+0.1)| 



cm. cm. 
02) ' (9) 

17.27 16.7 

«(+0. 04) 

( 10 ) 

15.3 



cm, 

( 9 ) 

16.7 

'*( + - 0 ) 

( 10 ) 

15. 4 

"( 4 - 0 . 1 ) 



Dolichoceph- 

als. 


Mesocephals. 


Brachveeph- 

ais. 




.J 


"5c 


d 


% ? 


5 


J 




J 


5 , 


C))l. 


cm. 


cm. 


cm. 


cm. cm. 


(7) 


(7) 


(0) 


(0) 


(4) ' (4) 


16.3 


16.6 


16.4 


16.5 


15.9 15,95 




"(-hO.3) 




■"(+0.1) 


p-1-0.5) 


(7) 

16.2 


(7) 

16. 1 








«(-0.1) 







r)itlerenee from the lenglh on the right .side. 



Ko. irvii. 



MEASUUEMEXTS OF CFANIAL FOSS.E—nEDLK^'KA. 



201 



After imlivicliml (‘oinpiirison, in tlie Inmum iulnlt, it is found that the 
relations of the (‘omhined fossal, and the V(uitral leno-th, are as follows: 
Both measurements are alike on the two sides'^ in 14.7 per cent of 
cases. Both measurements are longer on the same side in 62.7 per 
cent of cases. One of the measurements is equal on the two sides, 
the other unequal, in 22.7 per cent of cases. 

The instances where the measurements agree, either in that each 
is equal on the two sides of the skull, or in both being longer on the 
same side of the skull, constitute nearly four-lifths of the cases, so 
that agreement between the length and the greatest ventral 

length on each side may be said to be almost general. Of the excep- 
tions onh^ a few are marked. The highest discrepancy was a 7 mm. 
ditierence in favor of the right combined fossal length in a case whei-e 
the ventral lengths were equal. 

The Interrelathm of the three cerebral cavities, shown hitherto onl}^ 

indirectly and incompletely, can be further brought out by comparing 

the lengths of the individual cavities with the sum of the lengths of 

ii ii ii leng’th of <// fossaXlOO rpi ij i * i 

the three, thus: , ^ -r — • JLhe results, which can 

length of c^+yy/+ 7 M'^tosSie 

be termed indexes, and are convenient for collation, are given, with 
three columns of supplemental comparisons, in the table below. 



« Differences up to one niilliineter between the whole right and left side being 
disregarded, as a possible error can not in such cases be excluded. 

^That is, of anterior and middle and postero-superior fossie. 
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[ndi'.ces stiovin;/ the interrelation of the cranial (cerebral) fossa . 



Subjects. 


Num- 
ber of 
skulls. 


Index a of an- 
terior fossa. 


1 

Index of 
middle 
fossa. 


liidexf of 
the cere- 
bral part of 
the poste- 
rior fo.ssa. 


rs. anterior 
(mean). 


Postero-superior c vs. 
middle f o s s ae 

(mean). 


Postero-superior/ vs. 
mean of anterior and 
m ddle fossae. 


Right. 


Left, 


I 


Left. 


Right. 


Left 


Middled 

fosste 


Adults; 






















Whites, males— 






















Dolichoeephals 


11 


‘2y. 1 


27.4 


1 29.0 


28.8 


42. 9 


43.8 


104 


1.50 


152 


Mesoeephals 


11 


27. y 


' 27.1 


' 29.5 


29.3 


42.6 


43. 6 


107 


146 


151 


Brachvcephals 


11 


27.7 


26.8 


30.5 


30.6 


41.9 


42.6 


112 


138 


146 


Whites, females— 










1 












Doliehoeophals 


5 


2S. 0 


27.1 


29.5 


1 28.6 


42,5 


41.1 


105 


149 


1 1.53 


Mesoeephals 


G 


28. 2 


27.5 


29. 4 


29.0 


42.4 


43. 5 


105 


147 


! 1.51 


Brachveephals 


«‘) 


27.9 


27.5 


29.3 


29.3 


42.8 


13.2 


106 


147 


151 


Indians, males — 








1 














Dolichoeephals 


10 


26.1 


25. 7 


29. 7 


! 28.7 


44.1 


45.7 


113 


I 154 


163 


Brachycei)hals 


10 


26. 44 


26. 37 


, 31.1 


30.3 


I 42. 5 


43.6 


116 


140 


1.52 


Negroes— 








1 














Males, doliclio- and 






















mesoeephals 


14 


28.2 


27.2 


29. 3 


29.1 


42. 5 


43.7 


105 


147 


1.51 


Females, dolieho and 






















mesoeephals 


5 


. 29. 1 


28. 0 


28.4 


28. 3 


42. 4 


43.7 1 


99 


152 


1.51 


Fetuses and voung 


40 


29. 7 


29.4 


27.7 


27.5 


42. 5 


43.1 ! 


93 


1.55 


150 


Anthropoid ape.s: 






















Chimpanzees 


2 


31. r 


30.2 


30.6 


30.4 


38.3 


39.4 


99 


127 


126 


Gorilla 


1 


27.7 


27.1 


31.2 


29. 6 


41.1 


43.3 , 


111 


138 


146 


Orangs 


6 


1 29. 4 


28.9 


30.1 


29.7 


40.5 


41.4 


103 


. 137 


139 


Gibbons 


4 


33.2 


33.2 


29.7 


29.1 


37.1 


37.7 


89 


1 127 


119 


Monkeys, etc.: 






















Cimocephdlus 


1 


28. 6 




32.4 


9 


39.0 


? 


113 


120 


128 


3iaeauui> }>clops 


1 


32. 8 


3‘i 4 


31.7 


3l‘.3 


35. 6 


36.3 


97 


114 


112 


Cebus hypoleucus 


1 i 


31. 1 


30.7 


31.8 


32.0 


37.1 


37.3 


103 


116 


118 


Mi/cetes\ 


1 


31. 3 


-f 


35.4 


9 


33.3 


9 


113 


94 


100 


Almiala sntieida 


1 


31.7 


3i.i 


35.9 


34.5 


32.4 


34.5 


112 


95 


100 


Mkhis 


i ' 


2H.9 


29. 2 


33.3 


34.8 


37.8 


36.0 


117 


108 


117 


Lemur varius | 


1 


31S.5 


35.8 


36.3 i 


36. 6 


28. 2 


27.6 


102 


' 76 


77 


Ursus americAinns 


1 




? 


9 


9 


9 


? 


105 






Deer i 


1 


? 


. 9 




9 


9 


9 


90 






Big 1 


1 


V 


9 


9 


9 


9 


9 


84 1 






1 


1 





















[a^Iength of anterior fossa: m =Iength of middle fossa; ps=length of postero-suporior fossa.] 
a a X 100 b m X 10 0 ])s X 100 

rt + m. + ps a + m +j)s 



rfilean length of anterior foss8e=100. <’Mean length of middle fossse=100. /Mean length of a 
anterior and middle fossae ^^^^^^=100. 

The middle fosste tire, it is seen, long'd* than the anterior ones in a 
large majority of the series; the}" are shorter than the anterior cavi- 
ties in the negro females, the fetuses and young, the chimpanzees, 
gibl)ons, and the maeatpie. The longest middle fossie in relation to 
the anterior ones exist in the Indians, gorilla, and several of the mon- 
keys, while the shortest are found in the pig, the gibbons, and the 
human fetuses and young. 

The length of the postero-superior cavities approximates one and a 
half times that of the anterior fossa3 in all the series of human skulls; 
it is somewhat less in the anthropoid apes, much less in most of the 
monkeys, and least (only three-fourths of the length of the anterior 
cavities) in the lemur. 

More simplitied data are obtained by a comparison of the length of 
the postero-superior fossie to the mean of the lengths of the anterior 
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and middle (‘avities. It is seen that the former exceed the latter in 
the proportion of 143-ld8 to 100 in the human crania, as IIO-IIO to 
lUO amono- the anthropoid apes, as 100-128 to 100 among the monke 3 \s, 
and only as 77 to 100 in the lemur. The higliest pro])ortion among 
the human series (103 to 100) is found in the Indian male dolieho- 
cephals, the smallest (140 to 100) among the white male i)rach 3 ^cephals 
and (150 to 100) in the t^oung. Among anthropoid apes the highest 
proportion (140 to 100) exists in the gorilla, tlie smallest (119 to 100) 
in the gibbons; wliile among the inonke}\s similar extremes are repre- 
sented b}’ the bal)oon (128 to 100) and b\" the nij^cetes and alonata (lOO 
to 100). It is striking how )uuch zoological sequence tliere is in the 
distribution of these particulai' results of comparison. The position 
of tlie Indians, however, seems anomalous. 

The indexes show many characteristics of the fossie wliich have 
alread}^ been l)rought out in the comparisons of the length of the 
cavities with tlie lengths of the skull. To avoid repetitions and a 
possil)le confusion, these features are relegated to the general sum- 
mary. 

THE POSTERO-INFERIOR OR CEREBELLAR FOSS/E. 

The absolute average length of the cerebellar fossiv in the various 
series of human adults is as follows: 



PoMfrh^r f(mn\ rerehellar portlo)i: Aiui'age length in alnlfs. 



Subjects. 



Indians . 



Negroes . 



Males. 



Females. 



M«'cephals. 



mm. 

(20) 

63.4 



(10) 

64.0 



(15) 

62.9 



mm. 

( 20 ) 

6 . 2. 5 

a(-0.9) 

( 10 ) 

63.3 

a(-0.7) 

(15) 
63.9 
^( + 1 . 0 ) 



m m. 
(19) 
62.6 



mm. 

(19) 

62. 7 
«(+ 0 . 1 ) 



Brach j^cph- | Dolichocei.h- Mesocepbals. RrachjTei 



he 

S 



mm. 
(19) 
62. 8 



( 10 ) , 
59.3 



mm. 

(19) 

62.9 

^»(-0.1) 

|a(-0.2) 



mm. 

(10) 

58.5 



(10) 

60.0 



mm. 

( 10 ) 

58. 4 
<«(- 0 . 1 ) 



(10) 
59.4 
a(-0. 6) 



7nm. 

(9) 

61.6 



mm. nun. 
(9) (9) 

61.2 59.7 

r(-0.4) 



mm. 

(9) 

59.8 

«(+ 0.1 



« Dift’erences from the right fos.ste. 



The right cavity, it is seen, exceeds the left in length in a pronounced 
manner in the white and Indian male dolichocephals, and a little less 
so in two of the female series, but is decided!}" smaller in the mnle 
negro. In the brachycephals the ditferences are throughout imma- 
terial. It is plain tliat correlation between the cerebellar and pos- 
terior cerebral cavities, if it exists at all, is very limited. During the 
measuring in whites it was very often noticed that the groove and 
ridges of the lateral sinus on the left side were lower than those on 
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the fit'll t, ])ut this was not always associated with a smaller length of 
the left postero-inferior fossa. 

In (h'tail the differences in the cerebellai* cavities were distributed 
thus: 

Length of })odero~ Infer tor fossa on the two sides. 



Skulls. 


Right cere- 
bellar fossa 
longer (per 
cent of 
cases). 


Fossa) equal 
(per cent 
of cases). 


Left cerebel- 
lar fo.ssa 
longer (per 
cent of 
cases). 


Adults: 

Whites, mules — 

Dolichoce]»hals 


50- 


20 


30 


Mesocephals 


53 


11 

32 


37 


Bnichycephiils 


26 


42 


Whites, females — 

Doliehocephals 


30 


10 


50 


Mesocephals 


33 


33 


33 


Brachycephals 


50 


12 


3.S 


Indian, males — 

Doliehocephals 


(10 


20 


20 


Brachycephals 


60 


0 


10 


Negroes — 

Afnh's dnlielio- jiTtd niesocephal.s 


33 




60 


Feiiuiles dolicho- and me.socephals 


50 


20 


30 


Human fetuses ami vouiig 


25 


3-S 


35 


Anthropoid ai>es 


15 


3S 


47 


Monkevs and lemur 


20 


10 


40 





The results, so far as the human adults are concerned, agree in gen- 
eral with those shown b}^ the ffrst table of this part of the paper. 
There is a larger proportion of longer fossae on the right than on the 
left side in the white and Indian male doliehocephals, and smaller in 
the male negroes. Greater numbers of crania, particular!}^ brachy- 
cephalic, would have been very desirable in this connection. In the 
human 3^oung, anthropoid apes, and monkeys are seen relatively 
small percentages of longer right fossa, with larger percentages of 
longer left fossa and of equal cavities. Compailng the conditions 
found in the human young with those in adults, it is seen that in a 
large proportion of cases the excess in length in the right cerebellar 
fossa takes place after fetal life has been completed. 

The absolute diff'ereuces in length of the two cerebellar cavities 
were in some of the skulls quite marked, but on the whole were less 
than those of the postero-superior fossje. The}" ranged as follows: 



Absolute differences In length of the cerebellar fossie; right fossa the longer in cases: 
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Absolute differences in length of the cerebellar fossse; left fossa the longer in cases: 




In human aclultH the scales of inequalities are very nearly alike; in 
the fetuses, and to a lesser extent in the apes, the diffei-enees on the 
left side are more pronounced than those on the right. 

The relation l)etween the mean length of the cerebellar fossa? and 
the' size of the skull (estimated on the base of the mean of the greatest 
cranial length and breadth) is indicated in the next table, the skulls 
represented lieing the same as with the cei’ebral fossa^ in similar 
comparisons: 



Average relation of the mean length of the two postero- inferior {cerebellar) fossa to the greatest 
dorsal and mean ventral length of the skxdl {each of these diameters being taken as 100) in 
the largest and smallest skulls of the series. 





Num- 
her of 
speci- 
mens. 


In the largest crania— 


Nnm- 1 
ber of ! 
speci- 
mens. 


In the smallest crania— 


Subjects. 


r.s. external 
length. 


vs. internal 
length. 


r.s. external 
length. 


vs. internal 
length. 


Adults: 

White males 


6 


33.4 


36. 2 


6 , 


34.1 : 


37.0 


White females 


6 


33.6 


36.9 


6 1 


34.5 


, 37.6 


Indiiiii males 


6 


35. 5 


38. 8 


6 1 


35. 0 


1 37. 9 


Negroes, both sexes 


5 


32.8 


36.3 

1 


5 


35. 7 


38.8 



Kxcept in the Indian males, tlie fossa' in tlie smallest crania are in 
all the groups n'latively longei‘ than tho.se in the largest skulls of the 
series, which means that the cerel)elhim increases in length in a 
slightly lower ratio than the skull. It is ratiier remarkable that the 
negroes show in this respect, as on many former oi'casions, nearer the 
whites than the Indians, while in many external features of the skull 
the Indians are intermediary between the two. 
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The absolute and relative length proportions of the cerebellar fossse, 
contrasted between adults and .young, man and animals, sexes, races, 
and in the main cranial forms, are as follows: 

Length proportions of postero-mferior fossiv in relation to greatest external and mean 
interned length of the skidl. 



Subjects. 


Num- 
ber of 
skulls. j 

i 


Average 
external 
maximum 
length of 
.skull. 


Average | 
mean 
length of 
the 2 po.s- 1 
tero-iiVc- i 
rior fosspe. | 


Average 
relation of 
the length 
of the fos- 
.sse to the 
dorsal ; 
length of , 
the skull. 1 


Average , 
relation of | 
the length 
of the fos- 
sae to the 
ventral 
length of 
the skull. 1 


Num- 
ber of 
skulls. 


Adults: 

White.s, males— 




cm. 


1 

mm. 


1 


i ' 




Dolichocephals 


14 


19.4 


63.4 


33.0 


1 35. 7 


10 


Mesocephals 


11 


18.7 


63. 7 


34.0 1 


36.4 , 


14 


Brachycephal.s 


11 


18.2 


62. 9 


34.4 


37. 5 


10 


Whites, fern ales— 










35.6 - 


10 


Dolichocephals 


5 


17.8 


58. 6 


32.9 


Mesocephals 


6 


17.8 


61.1 


34.4 


37.0 


9 


Brachycephals 


6 


i 17.3 


60. 4 


85.0 


38.2 


5 


Indians, male.s — 














Dolichocephals 


10 


IS. 3 


63. 6 


34.8 


38.2 


10 


Brachycephals 


1 


16.9 


59. 2 


34.9 : 


38.5 


10 


Negroes: 


1 








37.9 


13 


Males, dolicho- and mesocephals.. 


14 


18. 6 


63.9 


34.4 


Females, dolicho- and mesocephals 


5 


17.7 


60.3 


84, 1 


37. 1 


8 


White fetuses and children, brachy- 














cpjthnls 


10 




27.2 


36.0 


38.0 


8 


Colored fetuses and children; 












Brachycephals 


10 




32.2 


35.0 


36.4 


10 


Dolicho- and mesocephals 

Anthropoid apes: 


20 




32.2 


33.3 


35. 1 


20 


Chimpanzees 


2 


11.9 


42.8 


36.0 


38.8 


2 


Orangs 


6 


11.9 


41.2 


34.5 


39.1 


6 


Gibbons 


4 


7.5 


24.6 


32.6 


33.8 


4 


Monkeys and lemurs: 














Macuriis pclops 


1 


8.2 


24.0 


29. 2 


31.2 


1 

1 


Cchus hypoleueus 


1 


7.5 


18.7 


25.0 


28. 0 


Alouata scnicula 


1 


7.0 


20.5 


29.3 


34.9 


1 


Midas 


1 


4.1 


11.5 


28. 0 


29.3 


1 


Lemur variiis 


1 


6.0 


16.0 


I 26. 7 


30.2 


1 



The avenig'c relative proportions of the cerebellar fossae differ, it 
is seen, i)ut little between human adults and human young, both 
groups taken as a whole. If the cases are taken individually, it is 
found that there is a greater variation in the relative proportions of 
the eavities in the fetuses and young than in the adults (young, 
27.2-47.2; adults, 28.8-40.1; in the young, proportiotis below 30 in 9 
per cent and above 40 in 5.1 per cent of the fossie, in adults, those 
below 30 in 1.5, those above 40 in 0.4 per cent of the cavities). These 
greater inecpialities in the young are in all probability due more to 
the relatively abundant tissues about and especial in the rear of the 
cerebellum than to variation in the hind-brain itself. The volume 
itself of the fetal cere))ellar fossie would be smaller were these tissues 
not present, and their relative length would not equal that in the adults. 
Among anthropoid apes the relative dimeiisions of the cerebellar 
fossae in the chimpanzee and orang are much like those in some of the 
series of human adults, but those in the gibbon are noticeably lower, 
and they are still lower, with one exception, in the moidve}"S and lemur. 
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The adult human cerebellum is, therefore, relatively somewhat longer 
than it is in gibbons and lower primates. 

Sexual differences are insignificant in the whites as well as the negroes. 

As to racial differences, there is a slight excess in the relative length 
of the cerebellar fossie (as there was with the postero-superior ones) in 
favor of the Indians. Again in this instance th(‘ negroes apjiear nearer 
to the whites than the Indians. 

Finally, the data show the existence of decided differences in the 
relative length of the cerebellar fossie between the main cranial forms; 
the proportion is throughout, even in the young, greater in the brachy- 
cephals than in the dolichocephals. A somewhat similar condition 
was seen also with the postero-superior cavities. 

The relation of the length of the cerebral to that of the cerebellar 
portion of the posterior fossie is shown in the last table of this section. 1 n 
conformity with the separate data concerning the two cavities, the cere- 
bellar fossa is seen to be relatively longer in all the brachvc('plials than 
in the dolichocephals. In the dolicho- and mesocephalic fetuses and 
young the cerebellar fossa is relativeh^ shorter than in the adults: in 
the oriings and gibbons the relation of the two cavities is nearly as tliat 
in man, but in most of the monkeys it shows larger differences. In 
the lemur, linally, the superior part of the fos.sa shows but a slight 
excess over the inferioi*. 



Relation of the length of the cerehellar to that <f the posterior cerebml [pe>stero-snperior) 

fossa'. 



Subjects. 



A<iults: 

Wliites, 

Dolichocephals 

Mesocephals 

Brachycephals 

Whites, females — 

Dolichocephals 

Mesocephals 

Krachycef>hals 

liulian.s, males — 

Dolichocephals 

Brachyceplials 

Negroes — 

Males, (lolichi)- to me.socephals. . . 
Females, dolicho- to mesocephals 
Fetuses and young: 

Dolicho- and mesocephals 

Brachyceplials 

Anthropoid apes; 

Chimpanzees 

Gorilla 

Orangs 

Gibbons 

Monkeys, etc.: 

Cynorephalus 

Macdciis pdojm 

Cehux tufpotrurus 

Mycelf's 

Alov at a senicu/a 

Midas 



Num- 
l>er of 
skulls. 


I’ropor 
1 tion, the 
cerebellar 
fossae =100. 


20 


120 


ly 


127 


10 


124 


10 


120 


0 

,s 


120 

125 


10 


127 


10 


125 


15 


121 


10 


120 


20 


134 


10 


120 


o 


110 


i 


140 


0 


124 


4 


125 


1 


158 


1 


135 


1 


149 


1 


140 


1 


143 
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SUMMARY OF THE RESULTS OF MEASUREMENTS OF THE 
CRANIAL FOSSiE, 



Results obtained from the absolute measurements 
and by comparing the length of the fossa- with 
the dorsal and ventral lengths of the skull. 



ANTERIOR FOSS.E. « 

1 (a) The average absolute length of the right 
cavity is somewhat greater than that of 
the left in all the human series, in all the 
anthropoid apes except the gibbons, and 
in .some other primates and lower mam- 
mals. 

{b) Individually, the largest percentage of 
longer right fossje and the most pro- 
nounced differences between the length 
of the two cavities occur in the human 
adults, and then in the higher anthro- 
poid apes {chimpanzee, gorilla, orang). 

2. Tliere is a prevalence of relatively short ante- 
rior fossae in the largest, and of relatively 
long fossee in the smallest skulls. 

3 (a) The mean length of the anterior cavities is 
relatively greater in the human fetuses 
and young than it is in human adults. 

(&) It is also greater in most of the primates and 
other mammals examined than in the 
human adults, 

(c) It is slightly greater in the human adult 

females than in the males. 

(d) It is nearly alike in the whites and the 

negroes, but is smaller in the Indians; 
and, linally, 

(e) It it slightly smaller in the dolieho- than 

in the brachycephalic skulls. 



MIDDLE FOSS.E, 

1 (a) The average ab.solute length of the right 
cavity is slightly greater than that of 
the left in a large majority of the hu- 
man series and in the anthropoid apes, 
while in the other primates and mam- 
mals the two fossie are in average about 
equal. 

(b) Individually, the largest percentage of 

longer right middle fossa:- and the most 
pronounced differences between the 
length of the cavities occiir in several 
.series of the human adults (in the doli- 
choeephals),and then in the anthropoid 
apes. 

(c) Compensation in length with the anterior 

fossie appears ]K)ssible in only a limited 
proportion of cases. In one-third of the 
skulls the middle cavity was greater in 
length on the same side as the anterior. 

2. The differences in the relative length of the 
middle fossa- between the largest and 
smallest skulls are not well detined. 

3 (a) The mean length of the middle cavities is, 
relatively, smaller in the human young 
than in adults. 

(h) It is greater than in the adult man in the 
anthro])oid apes, and especially so in the 
monkeys and other mammals. 



a It should be borne in mind that the two headi 
of the case, mathematically as well as morydiolojj 
that will be observed. 



Results obtained by comparing the length of the 
fossae with their combined length, and among 
themselves. 



ANTERIOR FOSS.E.rt 

I {a) The average absolute length of the right 
cavity is somewhat greater than that of 
the left in all the human series, in all the 
anthropoid apes except the gibbons, and 
in some other primates and lower mam- 
mals. 

(6) Individually, the largest percentage of 
longer right fosste and the most pro- 
nounced differences between the length 
of the two cavities occur in the human 
adults, and then in the higher anthro- 
poid ape.s (chimpanzee, gorilla, orang). 



3 (a) The mean length of the anterior cavities is 
relaiively greater in the human fetuses 
and young than it is in human adults. 

(b) It isalsogreater in most of the primates and 

other mammals examined than in the 
human adults. 

(c) But little difference in whites; length 

greater in negro females than in males. 

(d) Smaller in the Indians; slightly greater in 

the negroes than in whites. 



(e) Somewhat greater in the dolichocephalic 
male whites, smaller in the dolichoce- 
phalic Indians, than in brachycephals. 

MIDDLE FOSS.E. 

1 (a) The average absolute length of the right 
cavity is slightly greater than that of 
the left in a large majority of the hu- 
man series and in the anthropoid apes, 
while in the other primates and mam- 
mals the two fo.sste.are in average about 
C(iual. 

(h) Individually, the largest percentage of 
longer right middle fossm and the mo.st 
pronounced differences between the 
length of the cavities occur in .several 
series of the human adults (in the doli- 
choeephals), and then in theanthro]>oid 
apes. 



3 (a) The mean length of the middle cavities 
is, relatively, smaller in the human 
young than in adults. 

(b) Slightly greater in some anthropoid apes, 
decidedly greater in monkeys and le- 
mur (also in other mammals examined) 
than in man. 

gs represent not c<iual, but only cognate, aspects 
cally. This accounts for the several differeucci^ 
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MEASrnEMEXTS OF CIIAXIAL FOSS.F—iriiDLfrKA. 



Stimmari/ of the results of measnremeots of the C'ontiniied. 



Results obtained from the absolute measurements Results obtained bv eom]>aring the length of the 
and by eomparing the length of the fossa* with 1 fossa with tlieir oombine<l length, ami among 
the dorsal and ventral lengths of the skull. themselves. 



MIDDLE FOSS .E— COD t i II U C<1 . 

(c) Differences are quite immaterial in whites, 

though there is a tendency to smaller 
relative proportions in the females: in 
negroes, smaller in the females. 

(d) Differences quite immaterial, though some- 

what smaller tlinn in any other adult 
human series in the female negro. 

(e) The relative length of the middle fossae is 

throughout smaller in the dolieho- than 
in the brachycephals. 

CEREBRAL FART OF THE POSTERIOR FOSS.E. 

1 (a) The average absolute length of the right 
cavity is decidedly shorter than thatOf 
the left side in all the series of human 
adults and anthropoid apes, moderately 
shorter in the human young, and slightly 
shorter in the lower ]>rimatesand other 
animals. 

(6) Individually, the largest percentage of 
longer left fo.ssmand the most pronounced 
differences between the length of the two 
cavities oc<*ur (as with the anterior and 
middle fossa*) in the human adults, and 
then in anthropoid apes. 

(c) The length of the i^osterior fossa stands 
fre(iuently in comi)cnsatory relation with 
the eombined length of the anterior and 
middle fossa*, on the same side. 

There are no regular or large differences in the 
relative length of the postero-superior 
fo.s.sje between the largest ami smallest 
skulbs. 

3 (a) The mean relative length of the postero- 
sujieriorcavities, compared with themean 
ventral antcro-posterior diameter of the 
skull, is, in the human fetuses and young, 
slightly greater than in some seriesof the 
adults and smaller than in others. 

{h) It is smaller than in adult man in anthro- 
poid apes (except the orang), monkeys, 
and especially in the lemur. 

:(c) There is no material difference between the 
sexes. 

{( 1 ) From the racial point of view, the length is 
relatively greatest in the Indians; it is 
nearly alike in the whites and the negroes; 
tinaHy, 

(c) It is greater in the brachycephals than in 
the dolichocephalsamong the whites, but 
smaller in the former than in the latter 
among the Indians. 



MIDDLE FO.ss.E — eontiniicd. 

(c) Fos.sa* smaller in the female negro. 



{( 1 ) Fossa* somewhat smaller in the negna-s of 
both sexes than in other human adults 



(c) The relative length of the middle, fossa* is 
throughout smaller in thedolicho-than 
in the brachycephals. 

CEREBRAL PART OF THE POSTERIOR FOSS.E. 

1 (o) The average absolute length of the right 
cavity is decidedly shorter than that of 
the left side in all the .series of human 
adults and anthro])oi<l ai)cs, moderately 
shorterin the human young, and .slightly 
shorter in the lower primates and other 
animals. 

(&) Individually, the large.st percentage of 
longer left fossa* and the most pro- 
nounced differences between the length 
of the two cavities oeetir (as with the 
anterior and middle fossa*) in the human 
adults, and then in anthro]>okl apes. 



3 (n) The left fo.ssa in the young shows smaller, 
the right about e<iual index, as compared 
with that in adults; contrasted with the 
combined length of the anterior ami mid- 
dle fo.sste, it appears .smaller than in the 
adults. 

(&) It is smaller than in adult man in anthro- 
poid apes (except the orang), monkeys, 
and e.s]jceially in the lemur, 

(c) There is no material difference between the 
.sexes. 

((/) From theracial ]»ointof view, the length is 
relatively greatest in the Indians; it is 
n carl y a 1 1 ke i n t h e V' h i t es an d t h e n eg roes ; 
finally, 

{€) The index issoraewhat greater in all but one 
of the .series of dolichocephalsthan in the 
brachycephals, and comparison of the 
length of the postero-superior fossae with 
that of the anterior and middle fossae, 
shows excess for dolichocephals in all the 
series. 



The combined length of the three cerebral fo.sste is greater on the left in from 64 
to 80 j)er cent of the adult dolieho- and mesocephals, Init there is a prevalence of 
greater length on the right side in the brachycephals, the young and the primates, 
IToc. N. M. vol. xxxii — 07 14 
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CEKEBELLAK F08S.E. 

1 (d) The rijjbt cavity sliows a .greater average absolute length in adult white 
males and in the Indian male dolichocephals, but is shorter than the left in the 
adult male as well as in female ne^^roes. Among brachycephals, white and Indian, 
the differences are immaterial. 

(/>) In human fetuses and young in anthropoid apes, monkeys, and lemurs the 
left fossa is more often the longer. 

(c) Correlation between the length of the cerebellar and any of the individual c<*re- 
bral foss;e is nil, or very limited. 

2. In the largest skulls the cerebellar fossa? are relatively shorter than in tlie small- 
est crania. 

M {(() The mean length of the cerebellar cavities is, relatively, somewhat smaller 
in the human young than in adults. 

{})) It is like in man in the chim|)anzee and orang, but is smaller in the gibbon, 
and especially so in the monkeys and lemur. 

(c) Sexual differences are quite immaterial. 

((/) As to races, the fossie are relatively nearlr alike in the whites and the 
negroes, but are longer in the Indians; finally, 

(r) The relative length of the cerebellar fossie is greater in all the series of 
bracliycephals than in dolichocephals. 

With all the four fossay and in all series, that cavity which is more often the 
longer than its mate of the op])Osite side shows generally also a larger range of the 
excesses of measurement. 

If the above results of the studies on the skull are now applied to 
the brain itself, i. e., to those parts of the brain represented by the 
measurements taken, the indications are that — 

//i in g*eneral, the cerebrum presents in the majority 

of eases a gn‘ater basal length (as obtained ]>y the measurements here 
dealt with) on the left side; the length of the frontal lol)e is some- 
what greater on the right than on the left side; the length of the 

parietal lobe is slight!}" greater than that of the fi'ontal, and in most 
instances is also slightly greater on the right than on the left side; 
compensation in length with the frontal lobe appears to be very lim- 
ited; the length of the occipital lobe is decided Iv greater than that of 
the frontal or that of the parietal lobe (w ith the former as nearly 1.5 
to I, with the hitter as over 1.5 to 1): and it is decidedly greater, in a 

large majority of brains, on the left side; there exists fre(piently a 

compensation in length ])etwaa‘n the two more anterior lobes and the 
occipital: the length of the cerebellum is smaller than that of the 
occipital lobe, l)ut is always in excess of that of either the anterior or 
the middle lobe of the cerebrum; the right lobe showys in some of the 
series (wdiites) a i)re valence of greater length on the right side; in 
others (negroes) on the left side; no correlation appears betw^een the 
length of the cerebellum and that of the occipital, or any other portion 
of the C(‘i*ebrum; Hie largest adult human brain show^s a relatively 
smalhu' length of the anterior lobes than do the smallest specimens; 
wdtli other portions of the oigun the ditl'erences in this respect are 
iri’egular. 
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In luimiin f(‘tiises and youn^^ in ii‘(nicral, tlie relative leno*tli of the 
anterioi* lolies is on^ater than that in adults; the av(‘i‘ao*e length of the 
right lobe is already somewhat greater than that of the left, but indi- 
vidually there are many more eases than in the adults in which the 
two are equal; tlie length of the parietal lobes is smaller than that of 
the frontal (a reverse condition from that found in adults): the right 
lobe is the longer more often than the left, but in one-half of the 
specimens the}’ ai*e equal; the relative length of the parietal lobes is 
less than in adults; the relative length of the occipital lobes, or at 
least of that on the left sidiy is slightly smallei* than the general 
average in adults; there is a i)revalence of longer left lobe, but the 
proportion of equally long lobes is larger than among the adults; the 
relative length of the cerebellum is somewhat smaller than in adults; 
and the left lobe is more often (he longer. 

In the anthropoid apes, monkeys, and other mammals (so far as 
represented), the relative length of the frontal lobes is, with a few 
exeeptioi^s, greater than in human adults and often gi-eater even than 
ill human young; the right lobe is probalily longer in all the apes 
except gibbons, and was found longer individually also in some of the 
other primates and mammals (the diU'erences being greatest in the 
higher apes); the length of the parietal lobes is grc'ater than that of 
the frontal in the gorilla and orangs, and in several of the monkeys, 
but is smaller in the gibbons, niaeacpie, deer, and particularly in the 
pig; the right lolie is prevalently the longer among the anthropoid 
apes only; the relative length of the lolies is greater in anthropoid 
apes, and es]jecially in the monkeys and othei* mammals, than it is in 
adult man; the relative length of the occipital lobe is smaller in an- 
throphoid apes than in man, and still smaller in the monkeys and 
lemurs; in mycetes, alouata, and especially in lemur, it is shorter 
than either the frontal or parietal lobe; the left lobe is prevalently the 
longer in the apes and among monkeys, l)ut was found shorter than 
the right in iiiidas and lemur; the relative length of the cerebellum is 
somewhat greater than in adult man in the chimpanzee and orangs, 
but is smaller in the gibbons and other primates with lemurs. 

Sexual diti'erences in the brain are, so far as here dealt with, but 
few in number and not large. Kelatively the anterior lobes are slightly 
longer in the females than in the males, and there is apparently some 
correlated tendency in the females, especially in the negroes, to 
smaller relative length of the parietal lobes. 

Racial brain ditferences indicated by the results of this study are as 
follows: The relative length of the anterior lobes is smaller in the 
Indians than in th(' whites and negroes (in whom it is nearly alike); the 
middle lol)es are relatively smalhu- in the female negro than in any 
other series of human adults; the occipital portions ai’e relativcdy 
longer in the Indians than in the whites and negroes (in whom they are 
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neiirly alike); the (‘erebelluiii shows tlie prevaleiiee of a greater length 
of the left lol)e (in some whites and Indians right lobe); and the length 
of the hindbrain is relatively more eonsiderable in the Indian than in 
the white or negro (in whom it is nearly alike). 

Finally, as to brain differences in the principal forms of the skull, it 
was found that the relative length of the frontal lobes is somewhat 
smaller in the dolicho- than in the brachycephals; the relative length of 
the parietal lobes is throughout smaller in the dolicho- than in the 
brachycephals; the relative length of the occipital portions of the 
cerebrum is on the whole larger in the dolichocephals (see indexes of 
the fossie and comparison of the length of the postero-superior fossa 
with that of the anterior and middle cavities); finally, in the cerebellar 
length, the dolichocephals show more difference on the two sides than 
the brachycephals, but the l)racli3"cephals show throughout a greater 
relative length of the hindbrain than the dolichocephals. 

On the basis of this study the following characteristics of the adult 
human skull or brain ma}’ be viewed as of lower devidopmental order: 
A large relative length of the frontal fossie, or frontal lobes (infantile 
and animal feature); a small relative length of the middle fossie, or 
parietal lobes (infantile feature); a small relative length of the cerebral 
part of the posterior fossa, or the portion of the cer(d)rum it contains 
(infantile and animal feature), and a smaller relative length of the 
cerebellar. fossa, or the cerebellum (infantile and animal feature). 

Looking at the series of examined skulls in this light, the male 
skulls show a little more favorabl}" than the female; racially we are 
confronted with the curious and most unexpected fact of the quite 
close position of the whites and negro males and a more advanced 
ditferentiation of the Indian over both, while as to cranial types the 
dolichocephals show some developmental superiority in the frontal and 
postero-superioi- fossie and corresponding lobes, the bi'achycephals in 
the middle fossie, or lobes, and in the relatiye length of the whole 
cerebrum. 

Much larger series of specimens would very likely accentuate many, 
and probably modify a few, of the results obtained with the numbers 
available to the Avriter. It is to be hoped further opportunities in this 
respect Avill arise and be utilized here or elsewhere with other investi- 
gations in the future. jMeasiirements on the brain itself could, per- 
haps, take to some extent the place of those on the fossiu, though 
more confidence must remain with the latter, which are not subject to 
deformation. 
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EXTERNAL LENGTH OF SKULL COMPARED WITH THE INTERNAL. 

There are several itcaiis of interest which were iiuiuired into in con- 
nection with the preceding study. 

One of these is the relation in the several series Indwecn the greatest 
external and the greatest mean internal length of the skull. The com- 
parison given in the succeeding table shows a slight excess in the 
thickness of the skull in the white brachyceiihals over that in the white 
dolichocephals; a slight excess in the Indians over whites; and an 
appreciable excess in the negroes over the Indians. These ditlcrences 
explain better than has been done heretofore the discrepancies noticed 
between the comparisons of the cranial fossa* with (he dorsal and ven- 
tral lengths, and demonstrate the greater suitability of the latter for 
such a function. 

Diameter antero-posterior maximum of the skull dorsalhf compared iritk mean diameter 
antero- posterior maxim inn ventrally. 



Males. 



Females. 



Sub- 
ject. s. 



Whites. 



Indians 



Negro(‘s 

I 

i 



Dolicho- 
cephals. 1 


Mesticei.lial.s. eejilmls. [ 


Dolicho- 

cephals. 


M^socephals. » 


n n_ a- 

(ventr.) 


(veutr.) P-“’' 


D a- i 
p. m’n 
(ventr.j 


I), a- 

p. m. 


1 1). a- 

' p. m’n 
(ventr.) 


D. a- 
p. m. 1 


1). a- D. a- 

P- m’n • p. m’n 

(ventr.) (ventr.) 


cm. cm. \ 

19.1 17.7 

(10) 

18.3 16.7 

a(-1.6) 

(13) 

18.5 16.8 

«(-1.7) 


cm. cm. cm. 

(12) • (9) 

18.7 17.3 18.2 

' «(-l--i) 

(10) 

16.9 


cm. 

16.7 

a(-1.5) 

15.4 

«(-1.5) 


cm. ! 

(7) 

17.8 


cm. 

16.6 

a(-1.2j 


cm. 1 

(6) i 
17.8 ! 


cm. 

16.5 

«(~1.3) 


cm. cm. 

A) 

17.3 15.9 

«(-1.4) 


1 


(7) 

17.9 


16.2 
, «(-1.7) 



















«Differen<‘e from dorsal length. 



In order to see how other lengths of the anterior fossa.% and esiie- 
cially their relation to the ventral length of the skull, tigree with the 
measurement chosen and its I’elations, the writer secured also in most 
of the specimens utilized the distance from the foramen cmciim to the 
anterior boundary of the pituitary fossa. The table beneath gives 
the results and these, it will be seen, express much the same condi- 
tions as were found with the regular measurement of the frontal cav- 
ity. There is (except in the white females where the small number of 
specimens is evidently at fault) again a predominance of the length in 
the brachycephals over that in the dolichocephals, and there are seen 
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uo’uin tlu> sinallor relative pi’oportioiis of the meiisiii’CMiient in the 
Indians than in tlu^ whites and ih'^toc's of a siinilai* head form. A 
disadvanta^(‘ to this measurement eonsists in the variation in the region 
just anterior to tln^ pituitary fossa." 



FORAMEN CGECUM TO PITUITARY FOSSA. 

Lmgth from foramm c<rcam to 2 )//?nVf/r?/ fossa. 





. Adult males 




Adult females. 


Subjects. 


Dolieho- Me.so- 


Brachy- 


Dolieho- 


Meso- 


Brac'hy- 




eephals. oep)hals. 


cei)hais. 


eephals. 


ecphals. 


eephals. 




on. on. 


cm. 


cm. 


cm. 


cm. 




(20) (20) 


(20) 


(«) 


(S) 


(«) 


^Vlntes 


5.06 4.90 


4.82 


4.7S 


4.78 


4.70 




(10) 


(10) 






I Till in ns 


4. 54 


4.44 










(15) 


(10) 






Nci^Toes 


4. 76 
1 




4.61 










1 


1 



Relation, of length from foramen cceenua to pltidtarg fossa, to the mean ventral cranial 

length, {the latter = 100). 





! Adult males. 


Adult female 


s. 


Subjects. 


j Dolicho- 


Meso- 


Brachy- 


Dolieho- 


Meso- 


Braehy- 




cephals. 


cephals. 


cephals. 


eephals. 


eephaly. 


cephals. 




(11) 


(iR 

28.4 


(10) 


{») 


(7) 




Whites 


20. 2 


29. 8 


29. 1 


29.2 


a 28. 1 




(10) 


1 


(10) 


Indians 


27.2 




28. 9 










(13) 




(8) 






Negrf>es 


7 




28, 


.6 






1 


1 




1 





«4 eases only. 



GREATEST VENTRAL FRONTAL BREADTH. 

Finally, an etToit, was made to measure the greatest frontal ventral 
diameter eoi'responding to the greatest breadth of tlie fi’ontal loi)e. 
This measurement could b(^ more pi’ofitably taken on the brain itself, 
oi’ on easts of the fi*ontal part of the cranium. There is found in 
almost every skull, on each side, and just antei'ior to the coronal 
sutui'e, a mai’ked depression, which probably corresponds to the great- 
est expanse of the frontal lobe, but detinit(‘ landmai’ks from which to 
measure ai’e lacking. Notwithstanding this dithculty, certain inter- 
esting results have been arrived at, namely: 

A. ITrdlicka, Dimensions of the Xonnal Pituitary Fossa in the White and the 
Negro Races; Arch, of Neurology and Psychopathology, Utica, N. Y., I, No. 4, 1898. 
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UrciuUh^ ma.ri itniut, of fmntid rnjkni {rrulr^dhf). 



Subjects. 



males. 



Adult female^. 



Doliebo- 

eephals. 



Meso- 

eeidials. 



Braehy- 

eephais. 



Doliclio- 

eephals. 



Meso- 
eep lulls. 



Braehy- 

eei>hals. 



Whiles. 

Indian.s 

Negroes 



cm. cm. cm. cm. cm. cm. 

(17) (Hi) ii:>) (Ui (S; .r>) 

10. .5 10. s <1.:^ <). r, 10. 0 

HI) I (3) , : 

0.7 ! 10. s ' 

(11) . (10) 



10. 2 0. 7 



Breadth, ina.rimum, frontal reijion, rcnindl/i, roin/xtred frith hreadilf wa.rinimn of fJte 

shall dorsfdlf/. 



Subjects. 



Whites. 

Indians 

Negroes 



Adult males. Adult females. 



DoHl'Iio- 

eephals. 


>reso- 

eephals. 


Bruch y- 
cephals. 


Dolicho 

cei>hals. 


Meso- 

ec[)lials. 


Hrachy- 

cephai.'^. 


(U) 

71.3 


(If.) 

71.0 


(15) 

70.6 


((V 

71.5 


{0 

70.0 


(•>) 

71.0 


(•■•) 

71.0 




(3) 

73.0 









(14) tlO- 

73. 3 72. t; 



I 



Fetuses and young, both .sexes; 

White, braehyeephalie (0) so. 0 

Colored — i. e., negro and negro-ivhitc — 

Braehyeephalie (10) SO. 7 

Dolicho- and mesoeephalic (20) s2. 3 

Apes— 

1 chimpanzee 70. s 

0 orangs 77. S 

4 gibbons 70. 2 

Monkeys — 

1 Macacus jx'lopti 70. 4 

1 Afountit sniiculn 7S.6 

1 rvdnos larpolciicKS 70. 3 

1 Lemur car hi. so. 5 

1 i'rtius amcrica/ius 75.3 



At first sight the tihove chitu are quite striking, hut it must lie 
remenil)er(‘d that the fi’ontal hrtatclth has lietui compared with the 
dorsal lireadth of the skull, which vari(*s in the ditlerent series. The 
proper way would be to compare the former with the grtaitest ventral 
lireadtli in all the skulls, but th(‘ latter measui'ement is difficult and in 
the material here utilized was not always possible. 

The thickness of the skull is v(uy iiearly the saim^ in human fetuses 
and young, in gibbons, alouata, cebus, and lemur, and the data obtaimal 
on these specimens are dii’ectly c'omparable. 

In the orangs and chimpanzei^s the thickness of the two parieties at 
the location of the greatest breadth of the skull exceeds that in the 
human young by about 5 mm., in the m'gi’o by about 7 mm., in the 
Indian and Avhite male by about 6 mm., and in the whit(^ female by 
about 5 mm. IT^ducing the great(\st external breadth of the skulls in 
({uestion by these figures and comparing the gi’eatest internal frontal 
breadth with the remaining proportions, we obtain the following data, 
which are quite suitable for comparisons with the human young, 
gibbons, and other above-named species. 
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T/ir (jreatr.sf mdml froninl hmt/Kh comjKtreil n'ilh </r(’(ifesl hreadth of ihe ak nil (rcdnrcd), 

fhe kdfrr (a ken ((s 100. 

Adult white males 74. ;> ' Chimpanzees 75.0 

Adult white females 78.5 , Orangs 77.8 

Adult Indians 75.6 | Gibbons 79.2 

Adult negroes 76.9 I Monkeys 79.0 

11 uman fetuses and young 81.6 i Lemur 80.5 

It appears that tlie diftorenee between the gToatest breadth of the 
frontal lobes and the gTcatest breadth of the skulh or, respective!}", of 
the cei-ebrinn, is less in the lemur and in most of the lower primates, 
as well as in the hiiinan fetuses and yoimo’^ than it is in humai] adults, 
partieidarly among whites. With all their imperfections, these deter- 
minations point to another line of anthropometric studies on the brain, 
promising interesting results. 

The detail tables of measurement of the cranial fosste are appended 
to facilitate t^ontrol of the preceding data, as well as the utilization of 
the series for future studies; and to show the individual variations 
which could not be dealt with conveniently in the text. 

DETAILED DATA. 

Snnnncmj of (dfwlute and relative lengths of the ci'anial fossie. 





o 

AVjsolute lengths. 

S 3 


Katio of length of fosste 
to greatest dor.sal 
length of skull. 


Ratio of length of 
fossae, to mean ventral 
length of .skulls. 


Subjects. 


Average dorsal i 
posterior maxi 
a me ter of .skulh 

Anterior fossas. | 

- .1 


V. 

Xl 

V 

s 


Postero- superior 
fossie. 


Cerebellar fossie. 


Anterior fossae. 


Middle fossae. | 

1 


Postero-superior 

fossae. 


Cerebellar fossae. 


Anterior fossae. 


o 

[d 


o 

o 

a . ' 

Si 

o $ 

a? 

P 


Cerebellar fossae. 


Adults; 










• 
















Whiles, male.s— 


cm. mm. 


m m . 


, mm. 


mm. 


P. ct. 


P.cl. 


P.ct. 


P.ct. 


P. ct. \ 


i P. ct. 


P. Ct. 


P.ct. 


Doliehoeephals. . 


U).4 52.7 


54.9 


! 82.1 


63.4 


27.3 


28.3 


42. 4 


33.0 


29.3 


31.9 


45.9 


35.7 


Mesoeeplials 


18.7 51.5 


55. 2 


80.7 


63.7 


1 27.5 


29.4 


43.0 


34.0 


29.5 1 


1 32.2 


46.0 


36.4 


Braehyeephals .. 


; 18.2 W.8 


55. 9 


77.3 


62.9 


27.3 


30.7 


42.4 


34.4 


29.6 1 


33.9 


46.4 


37. 5 


Whites, females— 


























l)o!iehf)eephals. . 


17.8 4S.2 


51.0 


75.9 


58.6 


i 27.1 


28. 6 


I 42.6 


32.9 


29.4 : 


31.4 


45.8 


35. 6 


Mesocephals 


17.8 49.7 


52.4 


76.9 


61.1 


i 28.1 


29. 5 


43.3 


34.4 


30.4 


33.0 


46.8 


37.0 


Braehyeephals .. 


17.3 48.1) 


61.4 


75.3 


60.4 


: 28.2 


29. 8 


43.5 


35.0 


30.0 


32.0 


47.4 


38.2 


Indians, males— 










1 
















Doliehocephals . . 


18.3 46. C. 


52. 5 


80.8 


63. 6 


1 25.5 


28.7 


44. 2 


34.8 


28.0 


31.5 


48.5 


, 38.2 


Braehyeephals .. 


16.9 45.4 


52.7 


' 73.8 


59.2 


; 26.8 


31.2 


43. 6 


34.9 


29.5 


i 34.3 


1 48.0 


38.5 


N eg roesL 

Males, dolieho- 
and meso- 




















1 






eephals 


18.6 ' 5U.6 


53.5 


; 78.7 


63.9 


27.3 


28.8 


42. 4 


I 34.4 


30.4 


31.9 


46.7 


37.9 


Females dolicho- 
a n d meso- 
















1 










cephals 


17. 7 50. : 


49.7 


75. 5 


60.3 


28.3 


28.1 


42.7 


34.1 


31.0 


31.1 


46.9 


37.1 


Human fetuses and 


























young- 


9. 1 ' 28. 1 


26.2 


41.1 


30.9 


30.8 


28.8 


44. 5 


34.1 


32. 5 


30.2 


46.9 


36.1 


Apes: 


















1 




45.0 




Chimpanzees 

C »ri 1 1 


11.9 39.0 

:48 7 


' 38.5 

43.0 

37. 1 


1 49.8 
59.7 
51.0 


42. S 
42.7 
41.2 


32. 9 


32.3 

1 


41.7 


36.0 


35.3 


34.8 


38.8 


Orangs 


11.9 36. 2 


30.4 


31.1 


42. 8 


34.5 


34.4 


35.3 


48.5 


39.1 


(iibboiis 


7. 5 , 27, 3 


24. 2 


30.8 


, 2t.6 


36. 2 


32.0 


40.7 


32. 6 


37.5 


33.2 


42.3 


33.8 


Monkeysand lemurs: 






















42. 2 


31.2 


Mnrarns })( loj>s .. 


8. 2 29. 5 


28. 5 


32.5 


24.0 


36.0 


34.7 


39.6 


29.2 


38.3 


37.0 


Ahniata sniienla . 


7. 5 23. 2 


24.0 


28.0 


. 18.7 


: 30.0 


32.0 


37.3 


25. 0 


34.7 


i 35.8 


4L8 


28.0 


7. 0 23. 0 


25. 7 


24.5 


1 20.5 


32.9 


36.8 


35.0 


29.3 


39.1 


1 43.8 


11.7 


34.9 


Midas 


4.: 13.0 


15.2 


16.5 


11.5 


31.7 


37.2 


40.2 


28. 0 


33. 1 


i 38.8 


42.0 


29.3 


Li'tmir rarius 


6. 0 22. 0 


22.5 


17.2 


16.0 


36.7 


37.6 


28. 7 


26.7 


41.5 


i 42.4 


32.5 


30.2 



fossic {ventral). Adult males^ whites., dolichocephals (rephalie index below 7S). 
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o Medical department of Oolumbin University, New York City, Prof. Geo. S. Huntington’s collection. 
i>Number of skulls in which ail the fossai could be measured. 



Crankd fomv (rentral). Adult males, irhties, mesocephals {eephalic iudej.' 75.1 to 80 . 0 ). 
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